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(54) Display equipment, display method, and recording medium for recording display control 
program 



(57) A three-times magnified pattern of a central tar- 
get pixel and horizontally contiguously adjacent sub-pix- 
el patterns next thereto are determined on the basis of 
a reference pattern that has a rectangular profile and 
further that consist of eight-neighboring pixel about the 
target pixel. The determined three-times magnified pat- 
tern is allocated to three sub-pixels that form the target 



pixel. The determined sub-pixel patterns are allocated 
to horizontally adjacent sub-pixels next to the target pix- 
el. As a result, a black area defined by the target pixel 
is displaced rightward by an amount of a sub-pixel with- 
out any change in black area size that corresponds to 
three sub-pixels. This feature inhibits a variation in out- 
put image density, which otherwise would conspicuous- 
ly occurs as a result of a varied object line width. 
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Description 

[0001] The present invention relates to display equip- 
ment and an art related thereto. 

[0002] Display equipment that employs various types 
of display devices have been in customary use. One 
known type of display equipment heretofore includes a 
display device such as a color LCD and a color plasma 
display, in which three light-emitting elements for illumi- 
nating three primary colors (RGB) are aligned in certain 
sequence to form a pixel. A plurality of the pixels are 
aligned in series in a first direction, thereby forming a 
line. A plurality of the lines are aligned in a second di- 
rection perpendicular to the first direction, thereby form- 
ing a display screen on the display device. 
[0003] A large number of display devices having dis- 
play screens reduced in size to a degree that they fail 
to provide a sufficiently fine display. This problem is 
commonly seen in the display devices disposed in, e.g., 
a cellular phone and a mobile computer. In such display 
devices, small characters and photographs, or compli- 
cated pictures, are often smeared and rendered ob- 
scure in sharpness. 

[0004] In order to provide improved display sharpness 
in such a small display screen, a reference entitled 
"Sub-Pixel Font-Rendering Technology" is open to the 
public on the Internet. The reference discusses a per 
sub-pixel display based on a pixel formed by three light- 
emitting elements (RGB). The present Inventors down- 
loaded the reference on June 19, 2000 from a web site 
(http://grc.com/) or a subordinate thereof. 
[0005] The above technology is now described with 
reference to Figs. 38 to 42. In the following description, 
an alphabetic character "A" is used as an example of a 
displayed image. 

[0006] Fig. 38 is a simulated illustration, showing a 
line that includes a chain of pixels, each of which con- 
sists of the three light-emitting elements. In Fig. 38, a 
horizontal direction, or a direction in which the light-emit- 
ting elements are aligned with each other, is called a first 
direction, while a vertical direction perpendicular to the 
first direction is referred to as a second direction. 
[0007] In the prior art as well as the present invention, 
the light-emitting elements are not limited to alignment 
in the order of R, G, and B, but may be arranged serially 
in any other alphabetical sequence. 
[0008] A plurality of the pixels, each of which is formed 
by the three light-emitting elements, is arranged in a row 
in the first direction in order to provide a line. A plurality 
of the lines are aligned with each other in the second 
direction, thereby providing a display screen on the dis- 
play device. 

[0009] The sub-pixel technology as discussed above 
addresses an original image as illustrated in, e.g., Fig. 
39. In this example, the character "A" is displayed over 
a display screen area that consists of seven pixels-by- 
seven pixels in the horizontal and vertical (first and sec- 
ond) directions, respectively. Meanwhile, a font having 



a resolution horizontally magnified as three times as 
large as that of the previous character is provided as 
illustrated in Fig. 40 in order to provide a per sub-pixel 
display. In Fig. 40, assuming that each of the light-emit- 

5 ting elements (RGB) is viewed as a single pixel, the 
character "A" is displayed over a display screen area 
that consists of twenty-one pixels (=7*3 pixels) hori- 
zontally by seven pixels vertically. 
[0010] As illustrated in Fig. 41 , a color is determined 

10 for each of the pixels of Fig. 39, not the pixels in Fig. 40. 
However, color irregularities occur when the determined 
colors are displayed without being processed. The de- 
termined colors must be filtered using factors as shown 
in Fig. 42 (a) in order to avoid the color irregularities. As 

15 illustrated in Fig. 42 (a), the factors are correlated with 
luminance. For example, a central target sub-pixel is 
multiplied by a factor of 3/9. Contiguously adjacent sub- 
pixels next to the central sub-pixel are multiplied by a 
factor of 2/9. Sub-pixels next to the contiguously adja- 

20 cent sub-pixels are multiplied by a factor of 1/9. This is 
the manner in which the luminance of each of the sub- 
pixels is adjusted. 

[001 1] Filtering the colored pixels as illustrated in Fig. 
41 results in pixels as shown in Fig. 42 (b). In Fig. 42 

25 (b), colors are adjusted in such a manner that yellow, 
red, cyan, and blue are changed to light yellow, light red, 
light cyan, and light blue, respectively. 
[001 2] The luminance of the sub-pixels of the filtered 
image is allocated to the light-emitting elements of Fig. 

30 40, thereby displaying the image on a per sub-pixel ba- 
sis. 

[001 3] According to the above art, an image (see Fig. 
40) having a resolution magnified in the first direction 
three times as large as that of an original image (see 

35 Fig. 39) must be retained statically. 

[0014] In general, in order to collectively manage a 
large number of images such as fonts, huge system re- 
sources are required for an increased number of types 
of fonts. In particular, for equipment such as a cellular 

40 phone and a mobile computer, which have many con- 
straints on system resources, the art that involves such 
large system resources is difficult to employ. 
[0015] The above art presupposes that the three- 
times magnified image is statically used. Therefore, any 

45 original image such as a photographic portrait image 
downloaded from a server cannot be displayed using a 
three-times magnified resolution. 
[0016] As evidenced by the above, the prior art has a 
problem that heavy loads are imposed on the system 

50 resources although an image can be displayed on a per 
sub-pixel basis. A further problem with the prior art is 
that the image on a per sub-pixel basis is provided only 
within limited applications. 

[0017] In view of the above, an object of the present 
55 invention is to provide display equipment and an art re- 
lated thereto, designed to provide reduced loads on sys- 
tem resources, to provide a per sub-pixel display, even 
when a three-times magnified image is unknown, and 
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to provide a high-quality display on a per sub-pixel basis 
as a result of a suppressed variation in output image 
density. 

[001 8] A first aspect of the present invention provides 
display equipment comprising: a unit for displaying an 5 
image on a per sub-pixel basis, wherein a sub-pixel of 
a pixel next to a target pixel is controlled when the target 
pixel is controlled on the per sub-pixel basis. 
[0019] This structure allows a smoother image to be 
displayed on a per sub-pixel basis than when an object 
in an original image has a line width simply increased 
or decreased. 

[0020] A second aspect of the present invention pro- 
vides display equipment as defined in the first aspect 
thereof, wherein a target pixel and a pixel next to the 
target pixel are controlled on a per sub-pixel basis with- 
out any change in line width of an object. 
[0021] This structure provides a suppressed variation 
in output image density when an image is displayed on 
a per sub-pixel basis. Such a density variation otherwise 
would conspicuously occurs as a result of a variation in 
line width that represents an object. This feature realizes 
a high-quality display on a per sub-pixel basis. 
[0022] A third aspect of the present invention provides 
display equipment as defined in the first aspect thereof, 
wherein when a mismatch in sub-pixel data occurs as a 
result of control over a sub-pixel of a pixel next toa target 
pixel, then correction is performed in order to eliminate 
the mismatch. 

[0023] This structure eliminates a mismatch between 
sub-pixels, and there is no need for a particular target 
pixel to be selected and processed. All target pixels are 
mechanically subjected to the same processing, there- 
by determining a three-times magnified pattern and sub- 
pixel patterns next thereto. 

[0024] A fourth aspect of the present invention pro- 
vides display equipment comprising: a unit for display- 
ing an object on a per sub-pixel basis, in which a raster 
image representative of the object is taken as an original 
image, wherein assuming that a line of the object dis- 
played on the per sub-pixel basis has a width corre- 
sponding to a "j" 0 is a natural number) number of sub- 
pixels, the j-number of sub-pixels that show the line of 
the object are displaced by an amount of a "k" (k is a 
natural number) number of sub-pixels without any 
change in total value of the j-number of sub-pixels, 
thereby displaying an object on the per sub-pixel basis. 
[0025] This structure allows a smoother image to be 
displayed on a per sub-pixel basis than when an object 
in an original image has a line width simply increased 
or decreased. 

[0026] A fifth aspect of the present invention provides 
display equipment comprising: a display device; the dis- 
play device including three light-emitting elements 
aligned with each other in certain sequence to form a 
pixel, the three light-emitting elements illuminating three 
primary colors RGB; a plurality of the pixels aligned with 
each other in a first direction to form a line; a plurality of 



the lines aligned with each other in a second direction 
perpendicular to the first direction, there by forming a dis- 
play screen on the display device; pattern-determining 
unit for determining a three-times magnified pattern of 
a target pixel by magnifying the target pixel three times 
in the first direction in accordance with a raster image 
to be displayed; the pattern-determining unit for deter- 
mining, in accordance with the raster image to be dis- 
played, a "x n (x is an integral number) number of sub- 
pixel patterns positioned next to the target pixel on one 
side of the target pixel and a (y is a natural number) 
number of sub-pixel patterns positioned next to the tar- 
get pixel on the other side of the target pixel; and display 
control unit for allocating the three-times magnified pat- 
tern, the x-number of sub-pixel patterns, and the y- 
number of sub-pixel patterns to the light-emitting ele- 
ments of the display device, thereby displaying an im- 
age on the display device. 

[0027] This structure allows a pixel to be displaced by 
amounts of some sub-pixels in the first direction accord- 
ing to respective values of x" and "y w without any change 
in pixel value. 

[0028] Such a construction provides a suppressed 
variation in output image density when an image is dis- 
played on a per sub-pixel basis. Such a density variation 
otherwise would conspicuously occurs as a result of a 
variation in line width that represents an object. This fea- 
ture realizes a high-quality display on a per sub-pixel 
basis. 

[0029] The pattern-determining unit dynamically de- 
termines a three-times magnified pattern and sub-pixel 
patterns next thereto on the basis of a raster image. This 
means that the three-times magnified pattern and the 
sub-pixel patterns need not be retained statically. This 
feature provides less system loads than when the three- 
times magnified pattern and the sub-pixel patterns are 
statically contained. This beneficial effect in combina- 
tion with the above-described beneficial effects allows 
the display equipment according to the present inven- 
tion to be incorporated with more ease into equipment 
having many constraints on system resources. 
[0030] Furthermore, the raster image as well as the 
three-times magnified pattern with the sub-pixel pat- 
terns, which are derived from the raster image, need not 
be known. As a result, a wide range of images such as 
a photographic portrait image downloaded from a server 
can be displayed on a per sub-pixel basis with a sub- 
stantially improved resolution, and are therefore legibly 
displayed. 

[0031 ] A sixth aspect of the invention provides display 
equipment as defined in the fifth aspect thereof, wherein 
the pattern-determining unit determines the three-times 
magnified pattern, the x-number of sub-pixel patterns, 
and the y-number of sub-pixel patterns only when the 
target pixel has a predetermined pixel value. 
[0032] This structure determines a three-times mag- 
nified pattern and sub-pixel patterns next thereto only 
when a target pixel has a predetermined pixel value. 
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This feature provides less entire processing than when 
the three-times magnified pattern and the sub-pixel pat- 
terns are determined with respect to all target pixels. As 
a result, further reduced system loads are attainable, 
and the display equipment according to the present in- 5 
vention can be incorporated with more ease into equip- 
ment such as a cellular phone and a mobile computer, 
which have many constraints on system resources. 
[0033] A seventh aspect of the present invention pro- 
vides display equipment as defined in the sixth aspect 
thereof, wherein the pattern-determining unit deter- 
mines the three-times magnified pattern, the x-number 
of sub-pixel patterns, and the y-number of sub-pixel pat- 
terns on the basis of a reference pattern that has a rec- 
tangular profile and further that consists of a total of a 
((2n+1)*(2m+1)-1))(n, m are natural numbers) number 
of surrounding pixels about the target pixel. 
[0034] This structure allows a position of each refer- 
enced pixel to be located with ease because of the rec- 
tangular reference pattern, and therefore realizes less 
processing. 

[0035] A eighth aspect of the invention provides dis- 
play equipment as defined in the sixth aspect thereof, 
wherein the pattern-determining unit determines the 
three-times magnified pattern, the x-number of sub-pix- 
el patterns, and the y-number of sub-pixel patterns on 
the basis of a reference pattern that has a non-rectan- 
gular profile and further that consists of a plurality of sur- 
rounding pixels about the target pixel. 
[0036] This structure permits only pixels at specific 
positions with respect to a target pixel to be referenced 
in order to determine a three-times magnified pattern 
and sub-pixel patterns next thereto. This feature pro- 
vides fewer referenced pixels, when compared with any 
reference pattern having a rectangular profile. As a re- 
sult, the total processing time and a required storage 
capacity can be reduced. In addition, the pixels can be 
referenced at a wider range, and a smooth display is 
realized. 

[0037] A ninth aspect of the invention provides display 
equipment as defined in the fifth aspect thereof, further 
comprising: a three-times magnified pattern-correcting 
unit for correcting the three-times magnified pattern that 
is determined by the pattern-determining unit, wherein 
when a mismatch occurs between the three-times mag- 
nified pattern of the target pixel and a sub-pixel pattern 
positioned next to another target pixel in the first direc- 
tion, then the three-times magnified pattern-correcting 
unit corrects the three-times magnified pattern of the tar- 
get pixel in order to eliminate the mismatch therebe- 
tween, and wherein the display control unit allocates the 
corrected three-times magnified pattern to the light- 
emitting elements of the display device, thereby display- 
ing an image on the display device. 
[0038] This structure eliminates a mismatch from a 
three-times magnified pattern, and obviates the need for 
a particular target pixel to be selected and processed. 
This means that all target pixels can mechanically be 



processed in the same manner in order to determine a 
three-times magnified pattern and sub-pixel patterns 
next thereto. 

[0039] A tenth aspect of the invention provides display 
equipment as defined in the ninth aspect thereof, where- 
in the pattern-determining unit determines the three- 
times magnified pattern, the x-number of sub-pixel pat- 
terns, and the y-number of sub-pixel patterns on the ba- 
sis of a reference pattern that has a rectangular profile 
and further that consists of a total of a (2n+1)*(2m+1) 
(n, m are natural numbers) number of pixels, the pixels 
consisting of a target pixel and neighboring pixels about 
the target pixel. 

[0040] This structure allows a position of each refer- 
enced pixel to be located with ease because of the rec- 
tangular reference pattern, and therefore realizes less 
processing. 

[0041] An eleventh aspect of the present invention 
provides display equipment as defined in the ninth as- 
pect thereof, wherein the pattern-determining unit de- 
termines the three-times magnified pattern, the x- 
number of sub-pixel patterns, and the y-number of sub- 
pixel patterns on the basis of a reference pattern that 
has a non-rectangular profile and further that consists 
of a target pixel and a plurality of neighboring pixels 
about the target pixel. 

[0042] This structure permits only pixels at specific 
positions with respect to a target pixel to be referenced 
in order to determine a three-times magnified pattern 
and sub-pixel patterns next thereto. This feature pro- 
vides fewer referenced pixels, when compared with any 
reference pattern having a rectangular profile. As a re- 
sult, the total processing time and a required storage 
capacity can be reduced. In addition, the pixels can be 
referenced at a wider range, and a smooth display is 
realized. 

[0043] A twelfth aspect of the invention provides dis- 
play equipment as defined in the fifth aspect thereof, 
wherein the numbers x, y are both equal to 1 . 
[0044] This structure displaces a pixel by a smaller 
amount than when the number x is defined as x^2. This 
feature inhibits smearing of an object, e.g., a character, 
displayed on the display device. 

[0045] In respective three-times magnified patterns of 
two neighboring target pixels, there occur one mismatch 
at a leftward pattern of one of the three-times magnified 
patterns and another mismatch at a rightward pattern of 
the other. This feature eliminates the mismatches using 
simpler processing than when the number x is defined 
as x^2. 

[0046] A thirteenth aspect of the invention provides 
display equipment as defined in the fifth aspect thereof, 
wherein the numbers x, y are both equal to 2. 
[0047] This structure allows bold character process- 
ing as well as shifting to be practiced while inhibiting a 
processing time and a required storage capacity. 
[0048] A fourteenth aspect of the invention provides 
display equipment as defined in the seventh aspect 
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thereof, wherein the numbers n, m are both equal to 1. 
[0049] This structure provides a rectangular refer- 
ence pattern that excludes a target pixel from three pix- 
els-by-three-pixels. The reference pattern includes two 
hundred and fifty six different combinations. As a result, 5 
an image is displayed on a per sub-pixel basis while a 
processing time and a required storage capacity are in- 
hibited. 

[0050] A fifteenth aspect of the invention provides dis- 
play equipment as defined in the tenth aspect thereof, 10 
wherein the numbers n, m are both equal to 1 . 
[0051] This structure provides a rectangular refer- 
ence pattern that consists of three pixels-by-three-pix- 
els. The reference pattern includes five hundred and 
twelve different combinations. As a result, an image is *5 
displayed on a per sub-pixel basis while a processing 
time and a required storage capacity are inhibited. 
[0052] A sixteenth aspect of the invention provides 
display equipment as defined in the fifth aspect thereof, 
wherein the raster image is one of a bitmap font, a bit- 
map image based on a vector font, and a non-font raster 
image. 

[0053] This structure allows a variety of images to be 
displayed on per sub-pixel basis. 
[0054] A seventeenth aspect of the invention provides 
display equipment as defined in the fifth aspect thereof, 
wherein the pattern-determining unit determines the 
three-times magnified pattern, the x-number of sub-pix- 
el patterns, and the y-number of sub-pixel patterns by 
referencing a reference pattern storage unit that stores 
a pattern-determining rule for use in determining the 
three-times magnified pattern, the x-number of sub-pix- 
el patterns, and the y-number of sub-pixel patterns. 
[0055] This structure determines a three-times mag- 
nified pattern and sub-pixel patterns next thereto by ref- 
erencing the reference pattern storage unit. As a result, 
the three-times magnified pattern and the sub-pixel pat- 
terns can be determined quickly, thereby retaining a 
good display response. 

[0056] An eighteenth aspect of the invention provides 
display equipment as defined in the seventeenth aspect 
thereof, wherein the reference pattern storage unit con- 
tains information on reference pattern-related pattern 
matching. 

[0057] This structure allows a three-times magnified 
pattern and sub-pixel patterns next thereto to be deter- 
mined using pattern matching. 

[0058] A nineteenth aspect of the invention provides 
display equipment as defined in the seventeenth aspect 
thereof, wherein the reference pattern storage unit con- 
tains a bit string that expresses a reference pattern by 
bits, and information on the three-times magnified pat- 
tern, the x-number of sub-pixel patterns, and the y- 
number of sub-pixel patterns, all of the patterns being 
related to the bit string, and the bit string and the infom- 
lation are correlated with one another. 
[0059] This structure allows a three-times magnified 
pattern and sub-pixel patterns next thereto to be re- 



trieved quickly and easily using a bit string. 
[0060] A twentieth aspect of the invention provides 
display equipment as defined in the fifth aspect thereof, 
wherein the pattern-determining unit determines the 
three-times magnified pattern, the x-number of sub-pix- 
el patterns, and the y-number of sub-pixel patterns by 
referencing calculation results from pattern logic opera- 
tion unit that practices reference pattern-based logic op- 
eration. 

[0061] This structure allows a three-times magnified 
pattern and sub-pixel patterns next thereto to be deter- 
mined only using logic operation without storing a cor- 
responding reference pattern. This feature provides a 
saving in storage area. 

[0062] The above, and other objects, features and ad- 
vantages of the present invention will become apparent 
from the following description read in conjunction with 
the accompanying drawings, in which like reference nu- 
merals designate the same elements. 



20 

Fig. 1 is a block diagram, illustrating display equip- 
ment according to a first embodiment of the present 
invention; 

Fig. 2 is an illustration, defining a reference pattern 
25 according to the first embodiment; 

Fig. 3 (a) is an illustration, showing an example of 
a reference pattern; 

Fig. 3 (b) is an illustration, showing an example of 
a three-times magnified pattern and horizontally 
30 contiguously adjacent sub-pixel patterns next 
thereto; 

Fig. 3 (c) is an illustration, showing another example 
of a reference pattern; 

Fig. 3 (d) is an illustration, showing another example 
35 of a three-times magnified pattern and horizontally 
contiguously adjacent sub-pixel patterns next 
thereto; 

Fig. 3 (e) is an illustration, showing a further exam- 
ple of a reference pattern; 
40 Fig. 3 (f) is an illustration, showing a further example 
of a three-times magnified pattern and horizontally 
contiguously adjacent sub-pixel patterns next 
thereto; 

Fig. 4 (a) is a descriptive illustration, showing how 
45 a pixel experiences the shifting; 

Fig. 4 (b) is a descriptive illustration, showing a pixel 
subject to no shifting; 

Fig. 5 (a) is a descriptive illustration, showing ben- 
eficial effects of the present embodiment; 
50 Fig. 5 (b) is a descriptive illustration, showing ben- 
eficial effects of the present embodiment; 
Fig. 5 (c) is a descriptive illustration, showing ben- 
eficial effects of the present embodiment; 
Fig. 6 (a) is an illustration, showing an example of 
55 an original image in which no shifting is carried out; 
Fig. 6 (b) is a descriptive illustration, showing an in- 
convenience that may occur when it is assumed 
that the shifting is practiced; 
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Fig. 7 (a) is an illustration, showing an example of 
a reference pattern; 

Fig. 7 (b) is an illustration, showing an example of 
a three-times magnified pattern with horizontally 
contiguously adjacent sub-pixel patterns next 5 
thereto; 

Fig. 7 (c) is an illustration, showing another example 
of a reference pattern; 

Fig. 7 (d) is an illustration, showing another example 
of a three-times magnified pattern with horizontally 10 
contiguously adjacent sub-pixel patterns next 
thereto; 

Fig. 7 (e) is an illustration, showing a further exam- 
ple of a reference pattern; 

Fig. 7 (f) is an illustration, showing a further example 15 
of a three-times magnified pattern with horizontally 
contiguously adjacent sub-pixel patterns next 
thereto; 

Fig. 8 is an illustration, showing an example of an 
image displayed on a per sub-pixel basis in accord- 20 
ance with rules of Fig. 7, in which the displayed im- 
age is derived from the image of Fig. 6 (a) as an 
original image; 

Fig. 9 (a) is a descriptive illustration, showing five 
sub-pixels, to which a three-times magnified pattern 25 
and horizontally contiguously adjacent sub-pixel 
patterns next thereto are allocated; 
Fig. 9 (b) is a descriptive illustration, showing left- 
ward shifting in which a pixel is displaced leftward 
by an amount of a sub-pixel; 30 
Fig. 9 (C) is a descriptive illustration, showing the 
pixel subjected to no shifting; 
Fig. 9 (d) is a descriptive illustration, showing right- 
ward shifting in which the pixel is displaced right- 
ward by an amount of a sub-pixel; 35 
Fig. 10 (a) is a descriptive illustration, showing six 
sub-pixels, to which a three-times magnified pattern 
and horizontally contiguously adjacent sub-pixel 
patterns next thereto are allocated; 
Fig. 10 (b) is a descriptive illustration, showing left- *o 
ward shifting in which a pixel is displaced leftward 
by an amount of a sub-pixel; 
Fig. 10 (C) is a descriptive illustration, showing the 
pixel experiencing no shifting; 

Fig. 10 (d) is a descriptive illustration, showing right- 45 
ward shifting in which the pixel is displaced right- 
ward by an amount of a sub-pixel; 
Fig. 1 0 (e) is a descriptive illustration, showing right- 
ward shifting in which the pixel is displaced right- 
ward by amounts of two sub-pixels; 50 
Fig. 11 (a) is a descriptive illustration, showing an 
inconvenience that occurs when the numbers x, y 
are defined as x=y=2; 

Fig. 11 (b) is a description illustration, showing ben- 
eficial effects that occur when the numbers x, y are 55 
defined as x=y=1; 

Fig. 12 is an illustration, showing a relationship be- 
tween each bit string and a corresponding three- 



times magnified pattern with horizontally contigu- 
ously adjacent sub-pixel patterns next thereto; 
Fig. 13 is a flowchart, illustrating how the display 
equipment behaves; 

Fig. 14 (a) is an illustration, showing an example of 
an original image; 

Fig. 14 (b) is an illustration, showing an example of 
a bitmap pattern extracted from the original image; 
Fig. 14 (c) is an illustration, showing an example of 
a three-times magnified pattern with horizontally 
contiguously adjacent sub-pixel patterns next 
thereto; 

Fig. 15 is an illustration, showing an example of a 
three-times magnified image; 
Fig. 16 is an illustration, showing an example of the 
three-times magnified image displayed on a per 
sub-pixel basis; 

Fig. 17 is an illustration, showing, by way of illustra- 
tion, the steps of determining a three-times magni- 
fied pattern and horizontally contiguously adjacent 
sub-pixel patterns next thereto; 
Fig. 18 (a) is an illustration, defining a reference pat- 
tern; 

Fig. 18 (b) is an illustration, showing an example of 
a reference pattern; 

Fig. 18 (c) is an illustration, showing an example of 
a three-times magnified pattern with horizontally 
contiguously adjacent sub-pixel patterns next 
thereto; 

Fig. 18 (d) is an illustration, showing another exam- 
ple of a reference pattern; 

Fig. 18 (e) is an illustration, showing another exam- 
ple of a three-times magnified pattern with horizon- 
tally contiguously adjacent sub-pixel patterns next 
thereto; 

Fig. 18 (f) is an illustration, showing a further exam- 
ple of a reference pattern; 

Fig. 18 (g) is an illustration, showing a further ex- 
ample of a three-times magnified pattern with hori- 
zontally contiguously adjacent sub-pixel patterns 
next thereto; 

Fig. 18 (h) is an illustration, showing a yet further 
example of a reference pattern; 
Fig. 18 (i) is an illustration, showing a yet further ex- 
ample of a three-times magnified pattern with hori- 
zontally contiguously adjacent sub-pixel patterns 
next thereto; 

Fig. 19 (a) is a descriptive illustration, showing an 
objectionable effect; 

Fig. 19 (b) is a descriptive illustration, showing an 
objectionable effect; 

Fig. 20 is a block diagram, illustrating display equip- 
ment according to a second embodiment; 
Fig. 21 (a) is an illustration, defining a reference pat- 
tern; 

Fig. 21 (b) is an illustration, showing a relationship 
between a reference pattern and a three-times 
magnified pattern with horizontally contiguously ad- 
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jacent sub-pixel patterns next thereto; 
Fig. 21 (c) is an illustration, showing another rela- 
tionship between a reference pattern and a three- 
times magnified pattern with horizontally contigu- 
ously adjacent sub-pixel patterns next thereto; 5 
Fig. 21 (d) is an illustration, showing a further rela- 
tionship between a reference pattern and a three- 
times magnified pattern with horizontally contigu- 
ously adjacent sub-pixel patterns next thereto; 
Fig. 21 (e) is an illustration, showing a yet further 10 
relationship between a reference pattern and a 
three-times magnified pattern with horizontally con- 
tiguously adjacent sub-pixel patterns next thereto; 
Fig. 22 is a flowchart, illustrating how the display 
equipment behaves; 15 
Fig. 23 is a block diagram, illustrating display equip- 
ment according to a third embodiment; 
Fig. 24 is an illustration, defining a reference pat- 
tern; 

Fig. 25 (a) is an illustration, showing an example of 20 
a reference pattern; 

Fig. 25 (b) is an illustration, showing an example of 
a three-times magnified pattern with horizontally 
contiguously adjacent sub-pixel patterns next 
thereto; 25 
Fig. 25 (c) is an illustration, showing another exam- 
ple of a reference pattern; 

Fig. 25 (d) is an illustration, showing another exam- 
ple of a three-times magnified pattern with horizon- 
tally contiguously adjacent sub-pixel patterns next 30 
thereto; 

Fig. 25 (e) is an illustration, showing a further ex- 
ample of a reference pattern; 
Fig. 25 (f) is an illustration, showing a further exam- 
ple of a three-times magnified pattern with horizon- 35 
tally contiguously adjacent sub-pixel patterns next 
thereto; 

Fig. 26 is an illustration, showing an example in 
which a three-times magnified pattern is corrected; 
Fig. 27 is an illustration, showing another example <o 
in which a three-times magnified pattern is correct- 
ed; 

Fig. 28 is an illustration, showing a further example 
in which a three-times magnified pattern is correct- 
ed; 45 
Fig. 29 is an illustration, showing a yet further ex- 
ample in which a three-times magnified pattern is 
corrected; 

Fig. 30 (a) is an illustration, showing an example of 
an original image; 50 
Fig. 30 (b) is an illustration, showing respective ex- 
amples of bitmap patterns that are extracted from 
the original image; 

Fig. 30 (c) is an illustration, showing respective ex- 
amples of determined three-times magnified pat- 55 
terns with horizontally contiguously adjacent sub- 
pixel patterns next thereto; 

Fig. 30 (d) is an illustration, showing an example of 



a corrected three-times magnified pattern. 
Fig. 31 (a) is an illustration, showing another exam- 
ple of an original image; 

Fig. 31 (b) is an illustration, showing respective ex- 
amples of bitmap patterns that are extracted from 
the original image; 

Fig. 31 (c) is an illustration, showing respective ex- 
amples of determined three-times magnified pat- 
terns with horizontally contiguously adjacent sub- 
pixel patterns next thereto; 

Fig. 31 (d) is an illustration, showing a corrected 
three-times magnified pattern; 
Fig. 32 is an illustration, showing a relationship be- 
tween each bit string and a corresponding three- 
times magnified pattern with horizontally contigu- 
ously adjacent sub-pixel patterns next thereto; 
Fig. 33 is a flowchart, illustrating how the display 
equipment behaves; 

Fig. 34 is an illustration, showing, by way of illustra- 
tion, the step of determining a three-times magni- 
fied pattern with horizontally contiguously adjacent 
sub-pixel patterns next thereto; 
Fig. 35 is a block diagram, illustrating display equip- 
ment according to a fourth embodiment; 
Fig. 36 (a) is an illustration, defining a reference pat- 
tern; 

Fig. 36 (b) is an illustration, showing a relationship 
between a reference pattern and a three-times 
magnified pattern with horizontally contiguously ad- 
jacent sub-pixel patterns next thereto; 
Fig. 36 (c) is an illustration, showing another rela- 
tionship between a reference pattern and a three- 
times magnified pattern with horizontally contigu- 
ously adjacent sub-pixel patterns next thereto; 
Fig. 36 (d) is an illustration, showing a further rela- 
tionship between a reference pattern and a three- 
times magnified pattern with horizontally contigu- 
ously adjacent sub-pixel patterns next thereto; 
Fig. 36 (e) is an illustration, showing a yet further 
relationship between a reference pattern and a 
three-times magnified pattern with horizontally con- 
tiguously adjacent sub-pixel patterns next thereto; 
Fig. 36 (0 is an illustration, showing a still further 
relationship between a reference pattern and a 
three-times magnified pattern with horizontally con- 
tiguously adjacent sub-pixel patterns next thereto; 
Fig. 36 (g) is an illustration, showing yet another re- 
lationship between a reference pattern and a three- 
times magnified pattern with horizontally contigu- 
ously adjacent sub-pixel patterns next thereto; 
Fig. 37 is a flowchart, illustrating how the display 
equipment behaves; 

Fig. 38 is a simulated illustration, showing a line as 
seen in the prior art; 

Fig. 39 is an illustration, showing an example of a 
prior art original image; 

Fig. 40 is an illustration, showing an example of a 
prior art three-times magnified image; 
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Fig. 41 is a descriptive illustration, showing a color- 
determining process as practiced in the prior art; 
Fig. 42 (a) is a descriptive illustration, showing fil- 
tering factors as employed in the prior art; and, 
Fig. 42 (b) is an illustration, showing an example of 5 
prior art filtering results. 

[0063] Embodiments of the present invention will now 
be described with reference to the drawings. 

(Embodiment 1) 

[0064] A first embodiment of the present invention is 
now described. Fig. 1 is a block diagram, illustrating dis- 
play equipment according to the first embodiment. 
[0065] Referring to Fig. 1, the display equipment in- 
cludes a display information input unit 1, a display con- 
trol unit 2, a display device 3, a display image storage 
unit 4, an original image data group storage unit 5, an 
original image data storage unit 6, a target pixel-deter- 
mining unit 7, a bitmap pattern-extracting unit 8, a pat- 
tern-determining unit 9, a reference pattern storage unit 
10, a three-times magnified image data storage unit 11 , 
and a filtering unit 12. 

[0066] In Fig. 1 , the display information input unit 1 
enters display information. The display control unit 2 
controls all components of Fig. 1 in order to display an 
image on the display device 3 in accordance with a dis- 
play image stored in the display image storage unit 4 
(VRAM). 

[0067] The display device 3 has three light-emitting 
elements aligned with each other in certain sequence, 
thereby forming a pixel. The three light-emitting ele- 
ments illuminate three primary colors RGB. A plurality 
of the pixels is arranged in series in a first direction, 
thereby forming a line. A plurality of the lines is aligned 
with each other in a second direction perpendicular to 
the first direction, thereby forming a display screen on 
the display device 3. More specifically, the display de- 
vice 3 be any one of a color LCD (liquid crystal display), 
a color plasma display, and an organic EL (electrolu- 
minescent) display, or any other type of display now ex- 
isting, or to be invented. The display device 3 includes 
drivers for driving such light-emitting elements. 
[0068] A sub-pixel is now discussed in brief. In gen- 
eral, the sub-pixel is a minimum element that forms part 
of a pixel. 

[0069] In the present embodiment, the display device 
3 has the three light-emitting elements aligned with each 
other in certain order in order to form a pixel. The sub- 
pixel is an element obtained by cutting the pixel into 
three equal parts in the first direction. 
[0070] Therefore, three sub-pixels representative of 
RGB correspond with the respective light-emitting ele- 
ments (RGB). 

[0071] The original image data group storage unit 5 
stores a series of original image data such as font data. 
The font may be either a raster font or a vector font, or 



alternatively may be both of them. 
[0072] The original image data storage unit 6 tenta- 
tively stores the original image data. Assume that the 
original image data group storage unit 5 stores raster 
font data, and further that the display information input 
unit 1 instructs the display control unit 2 to display a spe- 
cific raster font data from the original image data group 
storage unit 5. In this instance, the display control unit 
2 places a current raster font data from the original im- 
age data group storage unit 5, by way of original data, 
into the original image data storage unit 6 without any 
change in the current raster font data. 
[0073] Assume that the original image data group 
storage unit 5 retains vector font data, and further that 
the display information input unit 1 instructs the display 
control unit 2 to display a specific vector font data. In 
this case, the display control unit 2 draws that particular 
vector font data at a predetermined area, thereby gen- 
erating a raster image. The display control unit 2 places 
the resulting raster image as an original image into the 
original image data storage unit 6. 
[0074] When an usual raster image that is not stored 
in the original image data group storage unit 5 is entered 
via the display information input unit 1 , then the display 
control unit 2 draws the entered raster image at a pre- 
determined area before placing the raster image into the 
original image data storage unit 6. 
[0075] The target pixel-determining unit 7 references 
the original image data stored in the original image data 
storage unit 6 in order to determine whether or not a 
target pixel has a predetermined pixel value. 
[0076] The present embodiment exemplifies charac- 
ters and symbols displayed in black and the background 
displayed in white. The "predetermined pixel value" as 
previously discussed refers to a pixel value representa- 
tive of black. However, the present embodiment is not 
limited thereto. For example, when the characters and 
symbols are displayed in white while the background is 
displayed in black, then the "predetermined pixel value" 
is a pixel value representative of white. 
[0077] As described below, the bitmap pattern-ex- 
tracting unit 8 and the pattern-determining unit 9 provide 
respective courses of processing only when the target 
pixel-determining unit 7 determines that the target pixel 
is black. 

[0078] The bitmap pattern-extracting unit 8 extracts a 
bitmap pattern from the original image data stored in the 
original image data storage unit 6. The bitmap pattern 
is equal in shape to a corresponding reference pattern. 
[0079] In general, the pattern is defined as shown in 
Fig. 2. More specifically, the pattern is formed by a rec- 
tangular pattern that consists of surrounding pixels 
about a target pixel. The rectangular pattern excludes 
the target pixel. The target pixel is a central pixel defined 
by hatched lines. The pattern consists of pixels whose 
total number is ((2n+1) times (2m+1) minus 1) ("n", "m" 
are natural numerals). The pattern includes different 
combinations of the ((2n+1) * (2m+1) - 1) power of 2. 
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[0080] The use of the rectangular reference pattern 
allows a position of any referenced pixel to be located 
with ease, resulting in less processing. 
[0081] In order to reduce the system load, the num- 
bers "n", "m" are preferably defined as n=m=1. This 
means that the pattern consists of eight pixels, and 
therefore includes two hundred and fifty six (256) differ- 
ent combinations. 

[0082] The pattern-determining unit 9 searches the 
reference pattern storage unit 1 0 that stores the above 
reference pattern, for a proper reference pattern that 
matches with the bitmap pattern extracted by the bitmap 
pattern-extracting unit 8. The pattern-determining unit 9 
determines a three-times magnified pattern of a target 
pixel and contiguously adjacent sub-pixel patterns next 
to the target pixel in the first direction on the basis of the 
searched reference pattern. The determined sub-pixel 
patterns include an "x" ("x M is an integer) number of sub- 
pixel patterns positioned next to the target pixel in the 
first direction on one side of the target pixel, and a "y" 
("y" is a natural number) number of sub-pixel patterns 
disposed next to the target pixel in the first direction on 
the other side of the target pixel. 

[0083] The determined three-times magnified pattern 
is obtained by magnifying the target pixel three times in 
the first direction according to the reference pattern as 
discussed later, not by simply magnifying the target pix- 
el. 

[0084] The following description is based on the as- 
sumption of n=m=1 and x=y=1: The definition n=m=1 
means that the reference pattern as well as the extract- 
ed bitmap pattern consists of eight pixels. When the first 
direction is defined as a horizontal direction, then hori- 
zontally contiguously adjacent sub-pixel patterns next 
to a target pixel as well as a three-times magnified pat- 
tern are determined on the basis of the definition of 
x=y-1 . 

[0085] The above example exhibits eight-pixel input, 
and the pattern-determining unit 9 provides five-bit out- 
put. This is demonstrated merely by way of illustration, 
and other various cases such as twenty-four-pixel input 
(n=m=2) and seven-bit output (x=y=2> are realized as 
well. 

[0086] For the definition x=y=2, boldface processing 
and the shifting are both practicable while respective in- 
creases in a processing time and a required storage ca- 
pacity are inhibited. However, such an increase problem 
occurs when the numbers x, y are three or greater, re- 
spectively. 

[0087] The above description is again made below 
with reference to the drawings. 

[0088] Referring to Fig. 3 (a), when the eight pixel- 
based reference pattern is entirely black, then, as illus- 
trated in Fig. 3 (b), a three-times magnified pattern 50 
is set to consist of a central black target pixel and black 
pixels contiguously adjacent thereto. With further refer- 
ence to Fig. 3 (b), horizontally contiguously adjacent 
sub-pixel patterns 51 , 52 next to the three-times magni- 



fied pattern 50 are set to be black as well. 
[0089] Conversely, as illustrated in Fig. 3 (e), when 
the eight pixel-based reference pattern is entirely white, 
then, as illustrated in Fig. 3 (f), the three-times magnified 

5 pattern 50 is set to consist of a central black target pixel 
and black pixels contiguously adjacent thereto. With fur- 
ther reference to Fig. 3 (0, the horizontally contiguously 
adjacent sub-pixel patterns 51, 52 next to the three- 
times magnified pattern 50 are set to be white. 

10 [0090] For a variety of intermediate reference pat- 
terns between the above opposite patterns, three-times 
magnified pattern/horizontally contiguously adjacent 
sub-pixel pattern-determining rules are established in 
advance. When the rules are all set up, then the 256-dif- 

15 ferent combinations are defined, as previously dis- 
cussed. Alternatively, fewer rules may be pre-estab- 
lished in view of symmetry and black-white inversion. 
[0091] In Fig. 3, the target pixel is marked with 
hatched lines for convenience of description although 

20 the target pixel is actually black. This is done in order to 
show that the eight pixel-based reference pattern ex- 
cludes the target pixel. 

[0092] The above discusses an example in which the 
three-times magnified pattern and the horizontally con- 

25 tiguously adjacent sub-pixel patterns next thereto are 
determined according to pattern matching. 
[0093] The three-times magnified pattern/horizontally 
contiguously adjacent sub-pixel pattern-determining 
rules as illustrated in Fig. 3 are prepared in order to dis- 

30 play smoother (less jagged) lines than those displayed 
on a pixel-by-pixel basis. Such a smoother display is 
achievable using the per-sub-pixel technique in which a 
resolution magnified three times in the first direction is 
available. 

35 [0094] The determined three-times magnified pattern 
is allocated to three sub-pixels that form a target pixel. 
The determined horizontally contiguously adjacent sub- 
pixel patterns are allocated to horizontally contiguously 
adjacent sub-pixels next to the target pixel. 

40 [0095] As discussed above, the three-times magni- 
fied pattern and the horizontally contiguously adjacent 
sub-pixel patterns next thereto are determined, thereby 
providing five sub-pixel patterns. The use of the five sub- 
pixel patterns allows a pixel in an original image to be 

45 horizontally displaced by an amount of a sub-pixel with- 
out any change in pixel value when an image is dis- 
played on a per sub-pixel basis. Such processing is 
herein called "shifting". 

[0096] Fig. 4 is a descriptive illustration, showing how 
50 a pixel experiences the shifting. Fig. 4 (a) corresponds 
to Figs 3 (c) and 3 (d), and illustrates the manner in 
which the shifting is practiced. Fig. 4 (b) is a descriptive 
illustration, showing the case in which no shifting takes 
place. In Fig. 4, all pixels and sub-pixels defined by 
55 hatched lines are black. In Fig. 4, each pixel marked with 
a bold line denotes a target pixel. 
[0097] As illustrated by arrows in Fig. 4 (a), when a 
three-times magnified pattern and horizontally contigu- 
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ously adjacent sub-pixel patterns next thereto are de- 
termined on the basis of an eight pixel-based reference 
pattern, then the determined three-times magnified pat- 
tern is allocated to three sub-pixels that form a target 
pixel, while the determined sub-pixel patterns are alio- 5 
cated to horizontally contiguously adjacent sub-pixels 
next to the target pixel. 

[0098] When an image processed as above is dis- 
played on a per sub-pixel basis, then a black area in an 
original image, defined as a target pixel, is displaced 10 
rightward by an amount of a sub-pixel without any 
change in size of a pixel that corresponds to three sub- 
pixels. 

[0099] In other words, although the pixel is technically 
immovable, it may imaginably be though that the black 15 
pixel in the original image is moved rightward by an 
amount of a sub-pixel without any change in pixel value 
when an image is displayed on a per sub-pixel basis. 
Such behavior refers to the shifting as previously dis- 
cussed. 

[0100] Referring now to Fig. 4 (b), when only the 
three-times magnified pattern is determined from the 
eight pixel-based reference pattern, then the three- 
times magnified pattern is allocated to the target pixel- 
forming three sub-pixels, as shown by an arrow. 
[0101] As a result, as illustrated in Fig. 4 (b), a black 
area in a target pixel is reduced in width. The reduced 
black area corresponds to two sub-pixels. In this in- 
stance, a problem as shown in Fig. 5 (c) is likely to occur, 
as discussed later. 

[0102] Fig. 5 is a descriptive illustration, showing ben- 
eficial effects of the present embodiment. Fig. 5 (a) il- 
lustrates an original image. Fig. 5 (b) illustrates one im- 
age displayed on a per sub-pixel basis after a three- 
times magnified pattern and horizontally contiguously 
adjacent sub-pixel patterns next thereto are determined . 
Fig. 5 (c) illustrates another image displayed on a per 
sub-pixel basis after only the thee-times magnified pat- 
tern is determined. Note that Fig. 5 displays the alpha- 
betical character "A" over a display screen area that 
consists of nine pixels-by-seven pixels. 
[0103] A comparison is now made between one pixel 
designated by arrow "a" of Fig. 5 (a) and another in- 
dexed by arrow "c" of Fig. 5 (c). In the image of Fig. 5 
(c), which is displayed on a per sub-pixel basis after only 
the thee-times magnified pattern is determined, a black 
pixel is rendered smaller by an amount of a sub-pixel in 
a manner similar to Fig. 4 (b). 

[0104] As a result, the entire image as seen in Fig. 5 
(C) is mixed with three black sub-pixels and only two 
black sub-pixels. As shown by arrow C, this structure 
partially reduces the size of a black line that forms the 
character "A". This means that the image suffers from a 
varied density. 

[0105] Another comparison is now made between 
one pixel designated by arrow "a" of Fig. 5 (a) and an- 
other indexed by arrow "b" of Fig. 5 (b). In the image of 
Fig. 5 (b), which is displayed on a per sub-pixel basis 



after the thee-times magnified pattern and the horizon- 
tally contiguously adjacent sub-pixel patterns next 
thereto are determined, a black pixel is displaced right- 
ward by an amount of a sub-pixel in a manner similar to 
the shifting of Fig. 4 (a) without any change in pixel val- 
ue. 

[0106] As a result, as illustrated in Fig. 5 (b), the black 
line that forms the character "A M remains unchanged in 
size when the shifting is practiced after the thee-times 
magnified pattern and the horizontally contiguously ad- 
jacent sub-pixel patterns next thereto are determined. 
Therefore, no variation in density of the image occurs. 
[0107] In conclusion, as shown in Fig. 5 (b), when an 
image is displayed on a per sub-pixel basis after the 
thee-times magnified pattern and the horizontally con- 
tiguously adjacent sub-pixel patterns next thereto are 
determined, then the character "A" provides a more def- 
inite and smoother display than when the image is dis- 
played on a per sub-pixel basis after only the thee-times 
magnified pattern is determined, as shown in Fig. 5 (c). 
[0108] As previously discussed, the thee-times mag- 
nified pattern/horizontally contiguously adjacent sub- 
pixel pattern-determining rules are established in order 
to display smoother lines when an image is displayed 
on a per sub-pixel basis than an original image object 
displayed on pixel-by-pixel basis. 
[0109] The thee-times magnified pattern/horizontally 
contiguously adjacent sub-pixel pattern-determining 
rules are not established to practice the shifting for every 
bitmap pattern extracted by the bitmap pattern-extract- 
ing unit 8. In other words, the rules such as to allow the 
shifting to be carried out are not established when the 
shifting is likely to adversely affect the smoothness of 
the image lines. 

[0110] The following discusses an illustrative exam- 
ple in which the thee-times magnified pattern/horizon- 
tally contiguously adjacent sub-pixel pattern-determin- 
ing rules to permit the shifting to be practiced are not 
established, in order to display smoother lines than an 
original image object displayed on a pixel-by-pixel basis. 
[0111] Fig. 6 is a descriptive illustration, showing an 
example in which no shifting is practiced. Fig. 6 (a) illus- 
trates an original image when no shifting is executed. 
Fig. 6 (b) illustrates an image displayed on a per sub- 
pixel basis when it is assumed that the shifting is exe- 
cuted. 

[01 12] Assume that the thee-times magnified pattern/ 
horizontally contiguously adjacent sub-pixel pattern-de- 
termining rules are established in order to practice the 
shifting in the original image as shown in Fig. 6 (a). 
[0113] As illustrated in Fig. 6 (b), when the image is 
displayed on a per sub-pixel basis in accordance with 
the above rules, then a disconnection is found between 
black pixels because a white sub-pixel occurs therebe- 
tween. In order to inhibit the occurrence of the discon- 
nection, and thus to realize a smooth display, thee-times 
magnified pattern/horizontally contiguously adjacent 
sub-pixel pattern-determining rules as given below are 
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established. 

[0114] Fig. 7 is an illustration, showing, by way of il- 
lustration, three-times magnified pattern/horizontally 
contiguously adjacent sub-pixel pattern-determining 
rules in which no shifting is involved. 
[0115] When an eight pixel-based reference pattern 
is provided as illustrated in Fig. 7 (a), then a three-times 
magnified pattern and horizontally contiguously adja- 
cent sub-pixel patterns next thereto are defined as 
shown in Fig. 7 (b). When another eight pixel-based ref- 
erence pattern is provided as illustrated in Fig. 7 (c), then 
a corresponding thee-times magnified pattern and hor- 
izontally contiguously adjacent sub-pixel patterns next 
thereto are defined as shown in Fig. 7 (d). When a fur- 
ther eight pixel-based reference pattern is provided as 
illustrated in Fig. 7 (e), then a corresponding thee-times 
magnified pattern and horizontally contiguously adja- 
cent sub-pixel patterns next thereto are defined as 
shown in Fig. 7 (f). 

[0116] Fig. 8 illustrates an image displayed on a per 
sub-pixel basis on the basis of the original image of Fig. 
6 (a) according to the rules of Fig. 7. 
[0117] The image in Fig. 8 is varied in line width, when 
compared with the original image, but includes no dis- 
connection as shown in Fig. 6 (b). As a result, the image 
in Fig. 8 provides a smoother display than that of Fig. 6 
(b). 

[0118] When a slanted line is displayed as shown in 
the original image of Fig. 6 (a), then a line width variation 
with a per sub-pixel display as shown in Fig. 8 is ren- 
dered less conspicuous. Moreover, each overlap be- 
tween the pixels by an amount of a sub-pixel provides 
a visibly smoother image, resulting in successful effects. 
[0119] Similar to Fig.7, Figs. 3 (a), (b), (e), (f) illustrate 
the rules in which no shifting is carried out. 
[0120] As previously discussed, the bitmap pattern- 
extracting unit 8 and the pattern-determining unit 9 per- 
form the above-described courses of processing only 
with regard to the black target pixel. It is now discussed 
with reference to Fig. 5 (a) how the bitmap pattern-ex- 
tracting unit 8 and the patter-determining unit 9 provide 
beneficial effects under such a condition. 
[0121] The original image in Fig. 5 (a) includes thir- 
teen black pixels among a total of sixty-three pixels. Pur- 
suant to the present embodiment, the thirteen black pix- 
els are subjected to the above processing. Therefore, 
an amount of processing can be reduced to 21 %, when 
compared with the case in which all of the pixels expe- 
rience the same processing. 

[0122] The above processing determines a three- 
times magnified pattern and horizontally contiguously 
adjacent sub-pixel patterns next thereto. In this case, a 
pixel is leftward and rightward displaced by an amount 
of a sub-pixel. The following discusses such two-way 
pixel displacement with reference to the drawings. 
[0123] Fig. 9 is a descriptive illustration, showing 
modes of the shifting when a three-times magnified pat- 
tern and horizontally contiguously adjacent sub-pixel 



patterns next thereto are determined. In Fig. 9, each rec- 
tangle outlined by a bold line denotes a target pixel. 
[0124] Fig. 9 (a) illustrates five pixels, to which the 
three-times magnified pattern and the horizontally con- 

5 tiguously adjacent sub-pixel patterns next thereto are 
allocated. Fig. 9(b) illustrates a black pixel displaced 
leftward by an amount of a sub-pixel. Fig. 9 (c) illustrates 
the black pixel at a standstill. Fig. 9 (d) illustrates the 
black pixel displaced rightward by an amount of a sub- 

10 pixel. 

[0125] As seen from the above description, the black 
pixel can be displaced horizontally by an amount of a 
sub-pixel without any change in pixel value when the 
three-times magnified pattern and the horizontally con- 
15 tiguously adjacent sub-pixel patterns next thereto are 
determined. 

[0126] This is demonstrated merely by way of illustra- 
tion. The present embodiment is not limited to the above 
determination of the three-times magnified pattern and 

20 the horizontally contiguously adjacent sub-pixel pat- 
terns next thereto. For example, a three-times magnified 
pattern of a target pixel, a "x" (V is an integer) number 
of sub-pixel patterns aligned with the target pixel in the 
first direction on one side of the target pixel, and a "y" 

25 ("y" is a natural number) number of sub-pixel patterns 
aligned with the target pixel in the first direction on the 
other side of the target pixel can be determined in order 
to display an image on per sub-pixel basis. 
[0127] Different from the shifting as illustrated in Fig. 

30 9, in this instance, there are other different modes of the 
shifting. A more detailed description is now made under 
the assumption of x=1 and y=2. 

[0128] Fig. 10 is a descriptive illustration, showing 
modes of the shifting when the following is determined: 

35 a three-times magnified pattern of a target pixel; a sub- 
pixel pattern aligned with the target pixel in the first di- 
rection on the left side of the target pixel; and two sub- 
pixel patterns aligned with the target pixel in the first di- 
rection on the right side of the target pixel. Note that 

40 each rectangle outlined by a bold line in Fig. 1 0 denotes 
the target pixel. 

[0129] Fig. 10 (a) illustrates six sub-pixels, to which 
the three-times magnified pattern and the sub-pixel pat- 
terns next thereto are allocated. 

45 [0130] More specifically, the three-times magnified 
pattern is allocated to target pixel-forming three sub-pix- 
els; the sub-pixel pattern aligned with the target pixel in 
the first direction on the left side of the target pixel is 
allocated to a leftward sub-pixel next to the target pixel; 

50 and the two sub-pixel patterns aligned with the target 
pixel in the first direction on the right side of the target 
pixel is allocated to two rightward sub-pixels next to the 
target pixel. 

[0131] The shifting in this example includes three 
55 modes in which: a black pixel is displaced leftward by 
an amount of a sub-pixel (see Fig. 1 0 (b)); the black pixel 
is displaced rightward by an amount of a sub-pixel (see 
Fig. 10 (d)); and, the black pixel is displaced rightward 
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by amounts of two sub-pixels (see Fig. 10 (e)). Fig. 10 
(c) illustrates the black pixel at a standstill. 
[0132] As seen from the above, even when the num- 
bers "x" and "y" differ from one another as discussed 
above, the shifting is possible to perform. As a result, 
beneficial effects similar to those of Fig. 5 are provided. 
[0133] Similarly, other various modes of the shifting 
are realized using several different combinations of "x" 
and y\ with the result that they also provide beneficial 
effects similar to those of Fig. 5. 

[0134] In addition to the mode in which a pixel is hor- 
izontally moved by an amount of a sub-pixel, the "shift- 
ing" according to the present embodiment includes an- 
other mode in which the pixel is horizontally displaced 
by amounts of a "k" f k" is a natural number) number of 

sub-pixels according to predetermined values ofx" and 
.,yM 

[01 35] Even when either "x" or "y" is zer °. tne shifting 
is achievable although it is unilateral shifting, or rather 
only either rightward or leftward shifting. As a result, 
such unilateral shifting also provides beneficial effects 
similar to those of Fig. 5. 

[0136] Note that the rules for determining a three- 
times magnified pattern of a target pixel and x, y num- 
bers of sub-pixel patterns aligned with the target pixel 
in the first direction are not established to provide the 
shifting for every bitmap pattern extracted by the bitmap 
pattern-extracting unit 8. 

[0137] As previously described, the rules are estab- 
lished in order to display smoother lines when an image 
is displayed on a per sub-pixel basis than an original 
image object displayed on a pixel-by-pixel basis. 
[0138] The above discusses the shifting in which a 
black "pixel" in an original image is horizontally dis- 
placed by amounts of the "k" ("k" is a natural number) 
number of sub-pixels without any change in pixel value 
in order to display an image on a per sub-pixel basis. 
[0139] The above-described shifting is carried out in 
order to make no difference in line width of every object 
(characters, symbols, figures, or a combination thereof) 
between an original image and an image displayed on 
a per sub-pixel basis. In brief, the object has a line width 
corresponding to an amount of a black pixel. 
[0140] However, the shifting is not limited to the 
above. For an original image in which an object has a 
line width corresponding to an amount of a black pixel, 
the object line width can freely be set when the object 
is displayed on a per sub-pixel basis. Further details 
thereon are made below with reference to an illustrative 
example. 

[0141] Assume that an original image includes a char- 
acter whose line width corresponds to an amount of a 
black pixel. Further assume that the character line width 
is magnified to an extent that corresponds to five black 
sub-pixels when an image is displayed on a per sub- 
pixel basis. 

[0142] In this instance, the line width of the original 
image displayed by an amount of the single black pixel 



is regarded as a black area that consists of the five sub- 
pixels. Then, the shifting is practiced, in which the five 
sub-pixel-based black area is displaced horizontally by 
amounts of a "k" ("k" is a natural number) number of 

5 sub-pixels without any change in size of the black area. 
[0143] In short, the "shifting" according to the present 
embodiment may be considered in that, when an origi- 
nal image representative of an object is displayed. on a 
per sub-pixel basis, then an object line that consists of 

10 a "j" ("j" is a natural number) number of sub-pixels is 
horizontally displaced by amounts of a "k" ("k" is a nat- 
ural number) number of sub-pixels without any change 
in size of the object line that corresponds to the "j" 
number of sub-pixels. The object line is equal in width 

15 to the "j" number of sub-pixels. 

[0144] In other words, although the sub-pixels are 
technically immovable, the "shifting" according to the 
present embodiment may imaginarily be though that, 
when an original image representative of an object is 

20 displayed on a per sub-pixel basis, then the "j" ("j" is a 
natural number) number of sub-pixels, which form the 
object line, is horizontally displaced by amounts of the 
"k" ("k" is a natural number) number of sub-pixels with- 
out any change in total amount of the "j" number of sub- 

25 pixels. The object line is equal in width to the "j" number 
of sub-pixels. 

[0145] When an object subject to the shifting as pre- 
viously described is displayed on a per sub-pixel basis, 
then a smoother display is provided than when an orig- 
30 inal image object has a line width simply increased or 
decreased in size. 

[0146] The following discusses an example in which 
an object in an original image has a simply increased 
line width. Assume that an original image contains a 

35 character whose line width is equal in size to a black 
pixel. Further assume that the character has the line 
width formed by five black sub-pixels when the object is 
displayed on a per sub-pixel basis. 
[0147] In this instance, three sub-pixels correspond- 

40 ing to the black pixel of the original image as well as 
horizontally contiguously adjacent sub-pixels next to the 
three sub-pixels are rendered black. 
[0148] The following discusses another example in 
which an object in an original image has a simply de- 

45 creased line width. Assume that an original image con- 
tains a character whose line width is equal in size to a 
black pixel. Further assume that the character has the 
line width defined by two black sub-pixels when the ob- 
ject is displayed on a per sub-pixel basis. 

so [0149] In this instance, central and leftward sub-pixels 
are rendered black among the three sub-pixels that cor- 
respond to the black pixel of the original image. 
[0150] Note that, even when there is a difference in 
object line width between an original image and an im- 

55 age displayed on a per sub-pixel basis, the rules for de- 
termining a three-times magnified pattern of a target pix- 
el and "x", "y" numbers of respective sub-pixel patterns 
aligned with the target pixel in the first direction are not 
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established to provide the shifting for every bitmap pat- 
tern extracted by the bitmap pattern-extracting unit 8. 
[0151] As previously described, the rules are set up 
in order to provide smoother lines when an image is dis- 
played on a per sub-pixel basis than an original image 5 
object displayed on a pixel-by-pixel basis. In view of the 
above, the three-times magnified pattern/horizontally 
contiguously adjacent sub-pixel pattern-determining 
rules such as to allow the shifting to be practiced are not 
established when the shifting adversely affects the line 
smoothness. 

[0152] The following describes with reference to the 
drawings the line smoothness that is obtained when a 
three-times magnified pattern and horizontally contigu- 
ously adjacent sub-pixels patterns next thereto are de- 
termined according to the definition of x=y=1 t and fur- 
ther when the pattern-determining unit 9 provides five- 
bit output 

[0153] Fig. 11 is a descriptive illustration, showing the 
line smoothness under the assumption of x=y=1. Note 
that Fig. 11 illustrates an inverted V-shaped line in an 
area that consists of three pixels-by-five pixels. 
[0154] Fig. 11 (a) illustrates an example in which a 
three-times magnified pattern of a target pixel, two sub- 
pixel patterns aligned with the target pixel in the first di- 
rection on the left side of the target pixel, and two sub- 
pixel patterns aligned with the target pixel in the first di- 
rection on the right side of the target pixel are deter- 
mined according to the definition of x=y=2. The pattern- 
determining unit 9 provides seven-bit output. 
[0155] In Fig. 11 (a), a black pixel positioned at the 
second row and the second column is displaced right- 
ward by amounts of two sub-pixels, while a black pixel 
positioned at the second row and the fourth column is 
displaced leftward by amounts of two sub-pixels. 
[0156] As a result, a character as shown in Fig. 11 (a) 
is partially collapsed and blacked out in out line. In short, 
when the numbers x, y are defined as x=y=2, then such 
an objectionable character is likely to occur as a result 
of the shifting. 

[0157] Fig. 11(b) illustrates an example in which the 
three-times magnified pattern and horizontally contigu- 
ously adjacent sub-pixel patterns next thereto are de- 
termined according to the definition of x=y=1. The pat- 
tern-determining unit 9 provides five-bit output. 
[0158] As a result, no smears are found in a a char- 
acter of Fig. 11 (b). For x=y=1, the character smearing 
is inhibited when the shifting according to the present 
embodiment is practiced. This is because the shifting 
displaces a pixel by an amount of only one sub-pixel. 
[0159] Next, each component in Fig. 1 is described 
under the condition of n=m=1 and x=y=1. 
[0160] As illustrated in Figs. 3 and 7, the reference 
pattern storage unit 10 stores each reference pattern as 
well as a corresponding three-times magnified pattern 
with horizontally contiguously adjacent sub-pixel pat- 
terns next thereto. In the reference pattern storage unit 
10, the reference patterns are correlated with the three- 



times magnified patterns with the horizontally contigu- 
ously adjacent sub-pixel patterns. 
[0161] As previously discussed, the pattern-determin- 
ing unit 9 references the reference pattern storage unit 
1 0, and then determines a three-times magnified pattern 
and horizontally contiguously adjacent sub-pixel pat- 
terns next thereto using pattern matching as illustrated 
in Figs. 3 and 7. 

[0162] The three-times magnified image data storage 
unit 1 1 stores three-times magnified image data that cor- 
responds to an original image. The three-times magni- 
fied image data includes the three-times magnified pat- 
tern and the horizontally contiguously adjacent sub-pix- 
el patterns next thereto, which are all determined by the 
pattern-determining unit 9. The three-times magnified 
image data is allocated to three sub-pixels (light-emit- 
ting elements) that form a pixel. 

[0163] The three-times magnified image stored in the 
three-times magnified image data storage unit 11 is fil- 
tered by the filtering unit 12 in a manner as herein dis- 
cussed in the section of the prior art. The filtered image 
is put into the display image storage unit 4. 
[0164] The above describes an example in which the 
three-times magnified pattern and the horizontally con- 
tiguously adjacent sub-pixel patterns next thereto are 
determined using the pattern matching as shown in Fig. 
3. Alternatively, the three-times magnified pattern and 
the horizontally contiguously adjacent sub-pixel pat- 
terns next thereto may be expressed by bits as given 
below. 

[0165] Referring to Fig. 12, assume that black and 
while are expressed by 0 (zero) and 1 (one), respective- 
ly. In a reference pattern, whites and blacks defined by 
eight pixels can be expressed by respective "0" or "1" 
bit strings (eight digits) in the order ranging from an up- 
per-left pixel to a lower-right pixel. 
[01 66] When the reference pattern that consists of the 
eight pixels is all black as illustrated in Fig. 3 (a), then 
the reference pattern may be expressed by bit string 
00000000. A corresponding three-times magnified pat- 
tern with horizontally contiguously adjacent sub-pixel 
patterns next thereto may be expressed by bit string 
00000. (See the top of Fig. 12.) 

[0167] Conversely, when the reference pattern that 
consists of the eight pixels is entirely white as illustrated 
in Fig. 3 (e), then the reference pattern may be ex- 
pressed by bit string 11111111. A corresponding three- 
times magnified pattern with horizontally contiguously 
adjacent sub-pixel patterns next thereto may be ex- 
pressed by bit string 10001. (See the bottom of Fig. 12.) 
[0168] Similar to the above, even with such bit string 
expression, the three-times magnified pattern/horizon- 
tally contiguously adjacent sub-pixel pattern-determin- 
ing rules are established in advance for a variety of in- 
termediate reference patterns between bit strings 
00000000 and 11111111. When all of the rules are set 
up, then two hundred and fifty six (256) different combi- 
nations as previously discussed are defined. Alterna- 
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tively, fewer rules may be pre-established by omitting 
part of the rules in view of symmetry and black-white 
inversion. 

[0169] The rules using the bit string are placed into 
the reference pattern storage unit 10, in which the ref- 5 
erence patterns are correlated with the three-times 
magnified patterns using an arrangement or other 
known storage structures, while the bit strings are item- 
ized by indexes. This system allows a desired three- 
times magnified pattern with horizontally contiguously 
adjacent sub-pixel patterns next thereto to be found im- 
mediately when the reference pattern storage unit 10 is 
referenced by a corresponding index. 
[01 70] Other equivalent notations such as a hexadec- 
imal notation may, of course, replace the eight-digit bit 
string. 

[0171] As discussed above, when the three-times 
magnified pattern/horizontally contiguously adjacent 
sub-pixel pattern-determining rules are expressed by 
bits, then as illustrated in Fig. 12, the reference pattern 
storage unit 10 stores bit strings that express by bits 
each reference pattern and a corresponding three-times 
magnified pattern with horizontally contiguously adja- 
cent sub-pixel patterns next thereto. In the reference 
pattern storage unit 10, the reference patterns are cor- 
related with the three-times magnified patterns with the 
horizontally contiguously adjacent sub-pixel patterns 
next thereto. 

[0172] In this instance, the pattern-determining unit 9 
references the reference pattern storage unit 10, and 
then determines the three-times magnified pattern and 
the horizontally contiguously adjacent sub-pixel pat- 
terns next thereto on the basis of the results from re- 
trieval using an index as shown in Fig. 12. 
[01 73] A flow of processing is now described using the 
display equipment of Fig. 1 with reference to Fig. 13 un- 
der the assumption of n=m=1 and x=y=1 . At step 1 , the 
display information input unit 1 enters display informa- 
tion. 

[0174] When the display information input unit 1 in- 
structs the display control unit 2 to display a specific 
raster font data stored in the original image data group 
storage unit 5, then the display control unit 2 places a 
current raster font data in the original image data group 
storage unit 5 by way of original image data into the orig- 
inal image data storage unit 6 without changing the 
raster font data. 

[0175] When the display information input unit 1 in- 
structs the display control unit 2 to display a specific vec- 
tor font data, then the display control unit 2 draws the 
vector font data at a predetermined area in order to gen- 
erate a raster image, and then places the resulting raster 
image as an original image into the original image data 
storage unit 6. 

[0176] Assume that the display information input unit 
1 enters a usual raster image into the display control unit 
2. The usual raster image is not stored in the original 
image data group storage unit 5. At step 2, the display 



control unit 2 draws the entered raster image at a pre- 
determined area, and then places it into the original im- 
age data storage unit 6. 

[0177] At step 3, the display control unit 2 initializes 
the three-times magnified image data storage unit 11 
that contains the determination results from the pattern- 
determining unit 9. More specifically, when a target pixel 
is black (ON), then the entire image data storage area 
of the three-times magnified image data storage unit 11 
is initialized to provide white data (OFF) in order to de- 
termine a three-times magnified pattern and horizontally 
contiguously adjacent sub-pixel patterns next thereto. 
This means that three-times magnified data to be allo- 
cated to all sub-pixels that form an original image is in- 
itialized to provide white data (OFF). The three-times 
magnified data corresponds to a single original image. 
[0178] When the target pixel is white (OFF), then the 
entire image data storage area of the three-times mag- 
nified image data storage unit 11 is initialized to provide 
black data (ON) in order to determine the three-times 
magnified pattern and the horizontally contiguously ad- 
jacent sub-pixel patterns next thereto. 
[0179] The following describes an example in which 
the three-times magnified pattern and the horizontally 
contiguously adjacent sub-pixel patterns next thereto 
are determined when the target pixel is black (ON). 
[0180] At step 4, the display control unit 2 defines a 
pixel at an upper-left initial position as a target pixel in 
the target pixel-determining unit 7. 
[0181] At step 5, the display control unit 2 instructs 
the target pixel-determining unit 7 to extract the target 
pixel in order to determine whether or not the target pixel 
is black. 

[01 82] The target pixel-determining unit 7 extracts the 
target pixel from original image data stored in the origi- 
nal image data storage unit 6. 

[0183] At step 6, the target pixel-determining unit 7 
determines whether or not the extracted target pixel is 
processed to determine the three-times magnified pat- 
tern and the horizontally contiguously adjacent sub-pix- 
el patterns next thereto. In short, the target pixel-deter- 
mining unit 7 determines whether or not the extracted 
target pixel is black (ON). 

[0184] When the determination in step 6 results in an 
affirmative answer, then the routine is advanced to step 
7. In this instance, the display control unit 2 instructs the 
bitmap pattern-extracting unit 8 to extract a bitmap pat- 
tern that consists of surrounding eight pixels about the 
target pixel. 

[0185] When the determination in step 6 results in a 
negative answer, or when the target pixel is determined 
to be white (OFF), then the routine is advanced to step 
11. At step 12, the display control unit 2 defines each of 
the remaining pixels as a target pixel when it is found at 
step 11 that not all pixels have yet been defined as the 
target pixels. 

[0186] At step 7, the bitmap pattern-extracting unit 8 
extracts the above bitmap pattern from the original im- 
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age data stored in the original image data storage unit 
6, and then returns the extracted bitmap pattern to the 
display control unit 2. Assume that the pixel defined by 
hatched lines in Fig. 14 (a) is a current target pixel. The 
bitmap pattern-extracting unit 8 extracts a bitmap pat- 
tern as illustrated in Fig. 14 (b). The extracted bitmap 
pattern consists of neighboring eight pixels about the 
target pixel, but excludes the target pixel. 
[0187] Note that the target pixels in Figs. 14 (a) and 
14 (b) are marked with the hatched lines for conven- 
ience of description. Actually, the target pixels in Figs. 
14 (a) and 14 (b) are black. 

[0188] The display control unit 2 passes the extracted 
bitmap pattern, upon receipt thereof from the bitmap 
pattern-extracting unit 8, over to the pattern-determining 
unit 9, and then instructs the pattern-determining unit 9 
to determine a three-times magnified pattern and hori- 
zontally contiguously adjacent sub-pixel patterns next 
thereto. The determined patterns must be matched with 
the extracted bitmap pattern. 

[0189] At step 8, the pattern-determining unit 9 refer- 
ences the reference pattern storage unit 10 in order to 
retrieve the three-times magnified pattern/horizontally 
contiguously adjacent sub-pixel pattern-determining 
rules. The pattern-determining unit 9 searches a refer- 
ence pattern that coincides with the received bitmap pat- 
tern. At step 9, the pattern-determining unit 9 deter- 
mines a proper three-times magnified pattern and hori- 
zontally contiguously adjacent sub-pixel patterns next 
thereto. The patterns all correspond to the searched ref- 
erence pattern. At step 10, the pattern-determining unit 
9 places the determined three-times magnified pattern 
with horizontally contiguously adjacent sub-pixel pat- 
terns into the three-times magnified image data storage 
unit 11. 

[0190] For example, the pattern-determining unit 9 
searches a reference pattern that is coincident with a 
bitmap pattern as illustrated in, e.g., Fig. 14 (b), and then 
determines a three-times magnified pattern and hori- 
zontally contiguously adjacent sub-pixel patterns next 
thereto on the basis of the searched reference pattern 
before putting the determined patterns into the three- 
times magnified image data storage unit 11. 
[0191] While defining every pixel as a target pixel at 
step 12, the display control unit 2 repeats, at step 11, 
the processing of step 5-10 until all of the target pixels 
are processed. When the pattern-determining unit 9 
places the three-times magnified pattern with the hori- 
zontally contiguously adjacent sub-pixel patterns in se- 
quence into the three-times magnified image data stor- 
age unit 11, then the three-times magnified image data 
storage unit 11 contains information corresponding to 
an image as illustrated in Fig. 15. 
[0192] When the above repeated processing is termi- 
nated, then at step 13, the display control unit 2 permits 
the filtering unit 1 2 to filter the three-times magnified im- 
age data contained in the three-times magnified image 
data storage unit 11. At step 14, the filtering unit 12 



brings the filtered image into the display image storage 
unit 4. 

[0193] At step 15, the display control unit 2 allocates 
the three-times magnified image data to single pixel- 
5 forming three light-emitting elements of the display de- 
vice 3 in accordance with a display image contained in 
the display image storage unit 4, thereby displaying an 
image on the display device 3. 

[0194] The image in Fig. 15 is displayed in a manner 

10 as illustrated in Fig. 16. When the image in Fig. 16 is 
compared with that of Fig. 14 (a), then it is found that 
the image in Fig. 16 is less jaggy and by far legible. 
[0195] At step 16, the display control unit 2 returns the 
routine to step 1 when display is non-terminated. 

15 [0196] The following describes a specific process by 
way of illustration with reference to the drawings, in 
which the pattern-determining unit 9 determines a three- 
times magnified pattern and horizontally contiguously 
adjacent sub-pixel patterns next thereto using pattern 

20 matching under the assumption of n=m=1 and x=y=1 . 
[0197] Fig. 17 illustrates the above specific process. 
[0198] Assume that a square marked with hatched 
lines in Fig. 17 is a target pixel. The pattern-determining 
unit 9 scans neighboring eight pixels p0-p7 about the 

25 target pixel in order to generate addresses. Note that 
the bitmap pattern-extracting unit 8 extracts a bitmap 
pattern that consists of the neighboring eight pixels al- 
though Fig. 17 includes the target pixel for convenience 
of description. 

30 [0199] The pattern-determining unit 9 retrieves tables 
in the reference pattern storage unit 10, and then de- 
fines table data (five bits), which correspond to the gen- 
erated addresses, as a three-times magnified pattern 
with horizontally contiguously adjacent sub-pixel pat- 

35 terns next thereto. 

[0200] The filtering unit 12 filters the determined 
three-times magnified pattern and horizontally contigu- 
ously adjacent sub-pixel patterns next thereto. The fil- 
tered three-times magnified pattern and horizontally 

40 contiguously adjacent sub-pixel patterns next thereto 
are allocated to target pixel-forming three sub-pixels 
and horizontally contiguously adjacent sub-pixels next 
to the three sub-pixels. 

[0201] The table in the reference pattern storage unit 
45 10 as discussed above is now described. Since the 
numbers n, m are defined as n=m=1 , the bitmap pattern 
extracted by the bitmap pattern-extracting unit 8 in- 
cludes two hundred and fifty six (256)(i.e., the eighth 
power of 2) different combinations. The resulting ad- 
so dresses include the same number of combinations. 
[0202] As a result, the reference pattern storage unit 
10 includes 256-different tables that correspond to the 
256-different addresses. 

[0203] Each of the tables contains a three-times mag- 
55 nified pattern with horizontally contiguously adjacent 
sub-pixel patterns next thereto (five-bit data) in accord- 
ance with the three-times magnified pattern/horizontally 
contiguously adjacent sub-pixel pattern-determining 
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rules. 

[0204] As described with reference to Figs. 9 and 10, 
pursuant to the present embodiment, a pixel can be dis- 
placed in the first direction by amounts of some sub-pix- 
els according to predetermined "x" and "y" values with- 5 
out any change in pixel value. 

[0205] This feature makes it possible to suppress a 
variation in output image density, which otherwise would 
conspicuously emerge as result of a change in width of 
a line that describes an object (a character, a symbol, a 10 
figure, or a combination thereof) when the object is dis- 
played on a per sub-pixel basis. As a result, a high-qual- 
ity display on a per sub-pixel basis is achievable. (See 
Fig. 5.) 

[0206] At step 6 in Fig. 13, the target pixel-determin- 15 
ing unit 7 determines whether or not the target pixel is 
black. The pattern-determining unit 9 determines the 
three-times magnified pattern and the horizontally con- 
tiguously adjacent sub-pixel patterns next thereto only 
when the target pixel is black. 

[0207] This system reduces a total processing time, 
when compared with the case in which the above pat- 
terns are determined with reference to all target pixels. 
That is, the system load can be reduced. Consequently, 
the display equipment according to the present embod- 
iment is good for equipment such as a cellular phone 
and a mobile computer, which have many constraints 
on system resources. 

[0208] At steps 7-9 in Fig. 1 3, the pattern-determining 
unit 9 dynamically determines the three-times magnified 
pattern and the horizontally contiguously adjacent sub- . 
pixel patterns next thereto on the basis of the black tar- 
get pixel. This feature eliminates the need to statically 
retain the three-times magnified pattern with the hori- 
zontally contiguously adjacent sub-pixel patterns next 
thereto. In addition, a three-times magnified pattern of 
a white target pixel need not be retained statically be- 
cause it is obtained by the initialization at step 3 of Fig. 
13. 

[0209] As a result, the display equipment according 
to the present embodiment provides less system load 
than when the three-times magnified pattern with the 
horizontally contiguously adjacent sub-pixel patterns 
next thereto are statically contained. This feature in 
combination with the previously discussed feature 
renders the display equipment according to the present 
embodiment further good for the equipment having 
many constraints on system resources. 
[0210] Furthermore, a raster image and a three-times 
magnified pattern of the raster image with horizontally 
contiguously adjacent sub-pixel patterns next thereto 
need not be known. This means that a wide range of 
images such as a photographic portrait image down- 
loaded from a server can be displayed on a per sub- 
pixel basis using a substantially improved resolution. As 
a result, such images are legibly displayed. 
[0211] Although the above description discusses a 
reference pattern having a rectangular profile (see Fig. 



2), the present embodiment is not limited to such a rec- 
tangular reference pattern. 

[0212] For example, a pattern having a rectangular 
profile and having an additional pixel at a position slant- 
ed with respect to a target pixel can be viewed as a ref- 
erence pattern. An example of such a pattern is now de- 
scribed with reference to the drawings. 
[0213] Fig. 18 (a) defines a non-rectangular reference 
pattern, whose profile is not rectangular. Note that a pix- 
el marked with hatched lines in Fig 18 (a) denotes a tar- 
get pixel. 

[0214] As illustrated in Fig. 18 (a), the reference pat- 
tern having such a non-rectangular profile consists of a 
total of twenty pixels. More specifically, the reference 
pattern is originally based on a pattern that has a rec- 
tangular profile and further that consists of five pixels- 
by-five pixels including the target pixel, but the reference 
pattern is formed by omitting from such a rectangular 
pattern the following: a pixel above a contiguously ad- 
jacent pixel that is disposed above the target pixel; a 
rightward pixel next to a contiguously adjacent pixel that 
is disposed rightward next to the target pixel; a pixel be- 
neath a contiguously adjacent pixel that is located be- 
neath the target pixel; a leftward pixel next to a contig- 
uously adjacent pixel that is disposed leftward next to 
the target pixel; and, the target pixel. 
[0215] The reference pattern in Fig. 18 (a) includes 
different combinations of the twentieth power of 2. A re- 
lationship between each reference pattern and a three- 
times magnified pattern with contiguously adjacent sub- 
pixel patterns next thereto is now described with refer- 
ence to five different reference patterns among the dif- 
ferent combinations of the twentieth power of 2. 
[0216] As illustrated in Fig. 18 (b), assume that a ref- 
erence pattern consisting of twenty pixels includes the 
following black pixels: an upper pixel above the target 
pixel; a leftward pixel next to the upper pixel; a further 
leftward pixel next to the leftward pixel; and, a pixel be- 
neath the target pixel. In this instance, as illustrated in 
Fig. 18 (c), a three-times magnified pattern 90 is set to 
consist of a central black target pixel and opposite black 
pixels positioned contiguously adjacent to the target pix- 
el. As illustrated in Fig. 18 (c), a leftward sub-pixel pat- 
tern 91 next to the three-times magnified pattern 90, a 
further leftward sub-pixel 92 next to the leftward sub- 
pixel pattern 91, a rightward sub-pixel pattern 93 next 
to the three-times magnified pattern 90, and a further 
rightward sub-pixel pattern 94 next to the rightward sub- 
pixel pattern 93 are all set to be white. 
[0217] As illustrated in Fig. 18 (d), assume that the 
twenty pixel-based reference pattern includes the fol- 
lowing black pixels: an upper pixel above the target pix- 
el; a leftward pixel next to the upper pixel; a pixel above 
the leftward pixel; and, a pixel beneath the target pixel. 
In this instance, as illustrated in Fig. 18 (e), the three- 
times magnified pattern 90 is set to consist of a central 
black target pixel and opposite black pixels positioned 
contiguously adjacent to the target pixel. As illustrated 
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in Fig. 18 (e), a leftward sub-pixel pattern 91 next to the 
three-times magnified pattern 90 is set to be black, but 
a further leftward sub-pixel 92 next to the leftward sub- . 
pixel pattern 91, a rightward sub-pixel pattern 93 next 
to the three-times magnified pattern 90, and a further 5 
rightward sub-pixel pattern 94 next to the rightward sub- 
pixel pattern 93 are all set to be white. 
[0218] As illustrated in Fig. 18 (f), assume that the 
twenty pixel-based reference pattern has a rightward 
pixel next to the target pixel and a pixel below the target 10 
pixel rendered black. As shown in Fig. 18 (g), the three- 
times magnified pattern 90 is set to consist of a central 
black target pixel and opposite black pixels positioned 
contiguously adjacent next to the target pixel. In this 
case, as illustrated in Fig. 18 (g), a leftward sub-pixel *5 
pattern 91 next to the three-times magnified pattern 90, 
a further leftward sub-pixel 92 next to the leftward sub- 
pixel pattern 91, a rightward sub-pixel pattern 93 next 
to the three-times magnified pattern 90, and a further 
rightward sub-pixel pattern 94 next to the rightward sub- 20 
pixel pattern 93 are all set to be white. 
[0219] As illustrated in Fig. 18 (h), assume that the 
twenty pixel-based reference pattern includes the fol- 
lowing black pixels: a rightward pixel next to the target 
pixel; an upper pixel disposed at an upper-right position 25 
of the rightward pixel; a lower pixel beneath the target 
pixel; and a further lower pixel disposed at a lower-left 
position of the lower pixel. As shown in Fig. 18 (i), the 
three-times magnified pattern 90 is set to consist of a 
central black target pixel, a rightward black pixel next to 30 
the target pixel, and a leftward white pixel next to the 
target pixel. In this instance, as illustrated in Fig. 18 (i), 
a leftward sub-pixel pattern 91 next to the three-times 
magnified pattern 90, a further leftward sub-pixel 92 next 
to the leftward sub-pixel pattern 91 , a rightward sub-pix- 35 
el pattern 93 next to the three-times magnified pattern 
90, and a further rightward sub-pixel pattern 94 next to 
the rightward sub-pixel pattern 93 are all set to be white. 
[0220] For a variety of intermediate reference pat- 
terns between the above patterns, the three-times mag- 4 o 
nified pattern/horizontally contiguously adjacent sub- 
pixel pattern-determining rules are established in ad- 
vance. When all of the rules are set up, then different 
combinations of the twentieth power of 2 as previously 
discussed are defined. Alternatively, fewer rules may be 45 
pre-established by omitting part of the rules in view of 
symmetry and black-white inversion. 
[0221] Note that Fig. 18 illustrates, by way of illustra- 
tion, how the bitmap-enacting unit 8 and the pattern-de- 
termining unit 9 behave when the target pixel is black. 50 
[0222] As illustrated in Fig. 18, in addition to the ben- 
eficial effects obtained by the reference pattern having 
a rectangular profile, the reference pattern having a non- 
rectangular profile provides beneficial effects as dis- 
cussed below. 55 
[0223] As illustrated in Fig. 3, a three-times magnified 
pattern and horizontally contiguously adjacent sub-pixel 
patterns next thereto are determined on the basis of a 



reference pattern that has a rectangular profile and fur- 
ther that includes a (3*3-1) number of pixels. As illus- 
trated in Fig. 1 9 (a), when a r-like (r is an ancient Greek 
character in capital letter) object is displayed on a per 
sub-pixel basis, then a protrusion as designated by ar- 
row n a M occurs on the object. In short, there are cases 
where an area to be displayed at a rectangular angle is 
objectionably smoothly displayed. 
[0224] As illustrated in Fig. 3, a three-times magnified 
pattern and horizontally contiguously adjacent sub-pixel 
patterns next thereto are determined on the basis of a 
reference pattern that has a rectangular profile and fur- 
ther that includes a (3*3-1) number of pixels. As illus- 
trated in Fig. 1 9 (b), when a r-like (r is an ancient Greek 
character in capital letter) object is displayed on a per 
sub-pixel basis, then a cutout as designated by arrow 
M P" occurs on the object Similarly, this means that there 
is likelihood that an area to be displayed as a rectangular 
angle is objectionably smoothly displayed. 
[0225] The use of a reference pattern that consists of 
a greater number of pixels makes it feasible to deter- 
mine a three-times magnified pattern with contiguously 
adjacent sub-pixels patterns next to a target pixel in an 
attempt to avoid creating the protrusion and cutout when 
such a r-like character is displayed. 
[0226] For example, when a reference pattern that 
consists of a (5*5-1 ) number of pixels is employed, then 
it is possible to determine a three-times magnified pat- 
tern and contiguously adjacent sub-pixels patterns next 
to a target pixel in an effort to avoid producing the pro- 
trusion and cutout when the r-like character is dis- 
played. 

[0227] At the same time, a total of twenty-four pixels 
form the reference pattern, resulting in increase in both 
a processing time and a required storage capacity. 
[0228] In such an instance, as illustrated in Fig. 18 (a), 
a reference pattern having a n on- rectangular profile and 
further consisting of a total of twenty pixels may be em- 
ployed. As illustrated in Figs. 18 (b) and 18 (c), the use 
of such a reference pattern makes it possible to deter- 
mine a three-times magnified pattern of a target pixel 
and contiguously adjacent sub-pixel patterns next to the 
target pixel such that an original shape such as the r- 
like character remains intact while respective increases 
in both a processing time and a required storage capac- 
ity are inhibited. 

[0229] In brief, an image, whose smooth display must 
be prohibited, looks practically similar to an original im- 
age, while an image to be smoothly displayed is 
smoothed. As a result, a variation in image density can 
be suppressed. In addition, a reduced processing time 
and a less storage capacity are realized. 
[0230] As evidenced by the above, the use of such a 
non-rectangular reference pattern formed by a total of 
twenty pixels provides a higher quality display while a 
reduced processing time and a less storage capacity are 
required. 

[0231] A total of only twenty pixels as mentioned 
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above are sufficient to provide such beneficial effects 
because the r-like character can be appreciated as a 
displayed image, even when the reference pattern hav- 
ing a rectangular profile and consisting of a (5*5-1) 
number of pixels excludes: a pixel above a contiguously 
adjacent pixel that is positioned above the target pixel; 
a rightward pixel next to a contiguously adjacent pixel 
that is disposed rightward next to the target pixel; a pixel 
beneath a contiguously adjacent pixel that is disposed 
beneath the target pixel; and, a leftward pixel next to a 
contiguously adjacent pixel that is positioned leftward 
next to the target pixel. 

[0232] The above discusses an example in which an 
original shape like a Greek r-like character is retained. 
When the reference pattern having a non-rectangular 
profile and consisting of twenty pixels as illustrated in 
Fig. 18 (a) is employed, then as illustrated in Figs. 18 
(h) and 18 (i), a slanted line can be smoothly displayed 
while respective increases in both a processing time and 
a required storage capacity are suppressed. 
[0233] As discussed above, when a greater number 
of pixels are required to provide a higher quality display, 
then a reference pattern having a non-rectangular pro- 
file and consisting of a minimized number of pixels re- 
quired for such a higher quality display may be em- 
ployed. As a result, such an expected display is achiev- 
able while respective increases in both a processing 
time and a required storage capacity is suppressed. 
[0234] Note that a reference pattern having a non-rec- 
tangular profile is not limited to that as illustrated in Fig. 
18 (a). 

[0235] Fig. 18 describes an example in which the 
three-times magnified pattern of the target pixel and the 
sub-pixel patterns next to the target pixel are determined 
using pattern matching. Alternatively, the three-times 
magnified pattern/contiguously adjacent sub-pixel pat- 
tern-determining rules may be expressed by bits in order 
to determine the three-times magnified pattern of the 
target pixel and the sub-pixel patterns next thereto on 
the basis of the results from retrieval using an index. 
[0236] Similarly, fewer rules may be pre-established 
in view of symmetry and black-white inversion. 

(Embodiment 2) 

[0237] A second embodiment is now described. Only 
the differences in structure from the previous embodi- 
ment are described. Fig. 20 is a block diagram, illustrat- 
ing display equipment according to the present embod- 
iment. 

[0238] Different from the previous embodiment, the 
present embodiment determines a three-times magni- 
fied pattern and horizontally contiguously adjacent sub- 
pixel patterns next thereto on the basis of logic opera- 
tion, not by storing three-times magnified pattern-deter- 
mining rules. Therefore, as illustrated in Fig. 20, a pat- 
tern logic operation unit 13 is substituted for the refer- 
ence pattern storage unit 10 of Fig. 1. 



[0239] The following discusses an example in which 
a three-times magnified pattern and horizontally contig- 
uously adjacent sub-pixel patterns next thereto are de- 
termined under the assumption of n=m=1 and x=y=1 
5 when a target pixel is black. 

[0240] The manner in which the pattern logic opera- 
tion unit 13 performs logic operation is described below 
with reference to Fig. 21. 

[0241] As illustrated in Fig. 21 (a), the pattern logic 

10 operation unit 13 includes a function whereby the pat- 
tern logic operation unit 13 judges conditions as illus- 
trated in Figs. 21 (b) to 21 (e). The conditions are related 
to a total of eight pixels. The total eight pixels are derived 
by subtracting a central target pixel (0, 0) from a total of 

15 three pixels-by-three pixels that consist of the central 
target pixel (0, 0) and neighboring pixels about the target 
pixel. As a result, the pattern logic operation unit 1 3 pro- 
vides a five-digit bit value as a return value according to 
the judgment results. The five-digit bit value determines 

20 the three-times magnified pattern and the horizontally 
contiguously adjacent sub-pixel patterns next thereto. 
[0242] Note that the pixels marked with the symbol * 
as illustrated in Fig. 21 (b) to Fig. 21 (e) are ignored, 
whether white or black. Blacks and whites denote the 

25 numbers 1 (one) and 0 (zero), respectively. Although the 
target pixel is black, it is marked with hatched lines for 
convenience of description. 

[0243] As illustrated in Fig. 21 (b), when horizontally 
contiguously adjacent pixels next to the black target pix- 

30 el are both black, then the return value 11111 results. 
[0244] As illustrated in Fig. 21 (c), assume that a pixel 
above the target pixel is white; a pixel at an upper-left 
position slanted with reference to the target pixel is 
white; a leftward pixel next to the target pixel is white; a 

35 pixel beneath the target pixel is black; a pixel at an up- 
per-right position slanted with reference to the target 
pixel is black. In this instance, the return value 00111 
results. 

[0245] As seen from Fig. 21 (d) to 21 (e) and so on, 
40 the pattern logic operation unit 1 3 includes other oper- 
able logics. 

[0246] It would be understood from the above that the 
present embodiment is able to determine the three- 
times magnified pattern and the horizontally contiguous- 

45 |y adjacent sub-pixel patterns next thereto in a manner 
similar to the previous embodiment. As a result, the 
present embodiment provides beneficial effects similar 
to those of the previous embodiment because the shift- 
ing similar to that of the previous embodiment is prac- 

so ticed. 

[0247] The present embodiment depends upon how 
the logic operation is practiced, not on how large a stor- 
age area is used. Thus, the display equipment accord- 
ing to the present embodiment can be installed with 
55 easy into equipment having a considerably limited stor- 
age area. 

[0248] The following discusses, with reference to Fig. 
22, a flow of processing using the display equipment of 
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Fig. 20. Differences in processing from the previous em- 
bodiment are mainly described. In Fig. 22, step 8 (pat- 
tern logic operation) is substituted for different step 8 
(searching the reference pattern storage unit 10) of Fig. 
13. 5 
[0249] Referring to Fig. 22, at step 8, the display con- 
trol unit 2 instructs the pattern-determining unit 9 to de- 
termine a three-times magnified pattern and horizontally 
contiguously adjacent sub-pixel patterns next thereto, 
and then the pattern-determining unit 9 permits the pat- 10 
tern logic operation unit 1 3 to perform the logic operation 
as discussed above. 

[0250] At step 9, the pattern-determining unit 9 ac- 
quires the return value. This means that the three-times 
magnified pattern and the horizontally contiguously ad- 15 
jacent sub-pixel patterns next thereto have been deter- 
mined. 

[0251] At step 1 0, the pattern-determining unit 9 plac- 
es the three-times magnified pattern and the horizontal- 
ly contiguously adjacent sub-pixel patterns next thereto 20 
according to the return value into the three-times mag- 
nified image data storage unit 11. 
[0252] The remaining courses of processing are sim- 
ilar to those of Fig. 13. 

[0253] Note that a combination of the previous and 25 
present embodiments is, of course, incorporated into 
the present invention. For example, a two-step process 
is acceptable, in which the reference pattern storage 
unit 10 and the pattern logic operation unit 13 provide 
respective courses of processing. In this instance, either 30 
the reference pattern storage unit 10 or the pattern logic 
operation unit 13 may provide an earlier action. 
[0254] As illustrated in Fig 21 , the above discusses a 
reference pattern having a rectangular profile. However, 
the present embodiment is not limited to such a rectan- 35 
gular reference pattern. 

[0255] For example, a pattern having a rectangular 
profile and including an additional pixel at a position 
slanted with respect to a target pixel may also be taken 
as a reference pattern in a manner similar to the previ- 40 
ous embodiment. 

(Embodiment 3) 

[0256] A third embodiment is now described. 
[0257] Fig. 23 is a block diagram, illustrating display 
equipment according to the present embodiment. 
[0258] As illustrated in Fig. 23, the display equipment 
includes a display information input unit 1 , a display con- 
trol unit 2, a display device 3, a display image storage 50 
unit 4, an original image data group storage unit 5, an 
original image data storage unit 6, a bitmap pattern-ex- 
tracting unit 14, a pattern-determining unit 15, a refer- 
ence pattern storage unit 16, a three-times magnified 
pattern-correcting unit 17, a three-times magnified im- 55 
age data storage unit 11, and a filtering unit 12. The 
same components as those of Fig. 1 are identified by 
the same reference characters, and descriptions related 
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thereto are omitted. 

[0259] The bitmap pattern-extracting unit 14 in Fig. 23 
extracts a bitmap pattern from original image data 
stored in the original image data storage unit 6. The ex- 
tracted bitmap pattern is identical in shape to a corre- 
sponding reference pattern. 

[0260] In general, the pattern is defined as illustrated 
in Fig. 24. More specifically, the pattern is formed by a 
central pixel, which is defined by hatched lines as a tar- 
get pixel, and surrounding pixels about the target pixel. 
In other words, the pattern consists of a total number 
((2n+1) * (2m+1))( n n M , "m" are natural numbers) of pix- 
els. The pattern includes different combinations of the 
(2n+1)*(2m+1) power of 2. The present embodiment 
materially differs from the first embodiment in the 
number of pixels because a total number of pixels ac- 
cording to the first embodiment is ((2n+1)*(2m-1)-1)) 
("n", "m" are natural numbers) as illustrated in Fig. 2. 
[0261] The use of such a rectangular reference pat- 
tern determines a position of any referenced pixel with 
ease, and requires less processing. 
[0262] The numbers "n M , "m" are preferably defined 
as n=m=1 in order to reduce the system load. In this 
instance, the pattern consists of nine pixels, and in- 
cludes five hundred and twelve (512) different combina- 
tions. 

[0263] The pattern-determining unit 15 searches the 
reference pattern storage unit 16 that store reference 
patterns, for an appropriate reference pattern that is co- 
incident with the bitmap pattern extracted by the bitmap 
pattern-extracting unit 14. The pattern-determining unit 
1 5 determines, according to the searched reference pat- 
tern, a three-times magnified pattern of the target pixel 
and sub-pixel patterns positioned next to the target pixel 
in the first direction. 

[0264] The determined sub-pixel patterns as dis- 
cussed above consist of an "x M fx" is an integer) number 
of sub-pixel patterns aligned with the target pixel in the 
first direction on one side of the target pixel and a "y" 
("y" is a natural number) number of sub-pixel patterns 
aligned with the target pixel in the first direction on the 
other side of the target pixel. 

[0265] The determined three-times magnified pattern 
as discussed above is obtained by magnifying the target 
pixel three times in the first direction according to the 
reference pattern as described later, not by simply mag- 
nifying the target pixel. 

[0266] The following description is made under the 
assumption of n=m=1 and x=y=1. The assumption 
n=m=1 means that the reference pattern as wellas the 
extracted bitmap pattern consists of nine pixels. When 
the first direction is named as a horizontal direction, then 
a three-times magnified pattern of a target pixel and hor- 
izontally contiguously adjacent sub-pixel patterns next 
to the target pixel are determined according to the as- 
sumption of x=y=1. 

[0267] In the above example, nine-pixel input results, 
while the pattern-determining unit 15 provides five-bit 
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output This is exhibited only by way of illustration, and 
other results such as twenty-five-pixel input (n=m=2) 
and seven-bit output (x=y=2) are realized. 
[0268] The above description is again made below 
with reference to the drawings. 

[0269] As illustrated in Fig 25 (a), when a reference 
pattern consisting of nine pixels is entirely black, then 
as illustrated in Fig. 25 (b) p a three-times magnified pat- 
tern 60 is set to consist of a central black target pixel 
and black pixels horizontally contiguously adjacent to 
the target pixel. As shown in Fig. 25 (b), horizontally con- 
tiguously adjacent sub-pixel patterns 61 , 62 next to the 
three-times magnified pattern 60 are both set to be 
black. 

[0270] Conversely, as illustrated in Fig 25 (e), when 
the reference pattern is entirely white, then as illustrated 
in Fig. 25 (f), the three-times magnified pattern 60 is set 
to consist of a central white target pixel and black pixels 
horizontally contiguously adjacent to the target pixel. As 
shown in Fig. 25 (0, horizontally contiguously adjacent 
sub-pixel patterns 61 , 62 next to the three-times magni- 
fied pattern 60 are both set to be white. 
[0271] For a variety of intermediate reference pat- 
terns between the above opposite patterns, three-times 
magnified pattern/horizontally contiguously adjacent 
sub-pixel pattern-determining rules are established in 
advance. When all of the rules are set up, then 512-dif- 
ferent combinations as previously discussed are de- 
fined. Alternatively, fewer rules may be pre-established 
in view of symmetry and black-white inversion. 
[0272] The above discusses an example in which the 
three-times magnified pattern and the horizontally con- 
tiguously adjacent sub-pixel patterns next thereto are 
determined using pattern matching. The three-times 
magnified pattern/horizontally contiguously adjacent 
sub-pixel pattern-determining rules as illustrated in Fig. 
25 are prepared in order to display smoother (less jag- 
ged) lines than those displayed on a pixel-by-pixel basis. 
Such a smoother display is achievable using the per- 
sub-pixel technique in which a resolution magnified 
three times in the first direction is available. 
[0273] The determined three-times magnified pattern 
is allocated to three sub-pixels that form a target pixel. 
The determined horizontally contiguously adjacent sub- 
pixel patterns are allocated to sub-pixels that are hori- 
zontally positioned next to the target pixel. 
[0274] As described above, the three-times magnified 
pattern and the horizontally contiguously adjacent sub- 
pixel patterns next thereto are determined to provide five 
sub-pixel patterns. The use of the five sub-pixel patterns 
allows a pixel to be displaced horizontally by an amount 
of a sub-pixel without any change in pixel value. 
[0275] Such an operation is called "shifting", which is 
identical in meaning to that of the first embodiment. The 
present embodiment executes the shifting, and provides 
beneficial effects similarto those of the first embodiment 
as illustrated in Fig. 5. 

[0276] It is to be noted that the present embodiment 



differs from the first embodiment in that the three-times 
magnified pattern and the horizontally contiguously ad- 
jacent sub-pixel patterns next thereto are determined 
with respect to all target pixels, not only the black target 
pixels. 

[0277] This is done in order to provide beneficial ef- 
fects by imparting the shining to characters such as pic- 
torial characters and inverted characters in which black 
pixels are of little importance or in which white and black 
pixels have the same significance. 
[0278] As a result, each white pixel also experiences 
the shifting, thereby suppressing a variation in output 
image density, which otherwise would conspicuously 
occur as a result of a varied line width of the white pixel. 
[0279] However, when all of the target pixels experi- 
ence the shitting, then there may occur a pattern mis- 
match between one three-times magnified pattern with 
horizontally contiguously adjacent sub-pixel patterns 
next thereto, which are determined from a certain pixel, 
and another three-times magnified pattern with horizon- 
tally contiguously adjacent sub-pixel patterns next 
thereto, which are determined from a contiguously ad- 
jacent pixel next to that particular pixel. 
[0280] As illustrated in Fig. 23, in order to obviate the 
mismatch, the three-times magnified pattern-correcting 
unit 17 is provided. The manner in which the mismatch 
is eliminated is now described in detail with reference to 
the drawings. 

[0281] Fig. 26 is a descriptive illustration, showing 
how the three-times magnified pattern-correcting unit 1 7 
operates. Note that pixels and sub-pixels defined by 
hatched lines are all black. 

[0282] As illustrated in Fig. 26, assume that an original 
image has a black pixel 20 and a white pixel 30 posi- 
tioned contiguously adjacent to one another. 
[0283] Assume that, when the pixel 20 is defined as 
a target pixel, then a three-times magnified pattern and 
horizontally contiguously adjacent sub-pixel patterns 
next thereto are determined, as defined by sub-pixels 
21 to 25. Further assume that, when the pixel 30 is de- 
fined as a target pixel, then a three-times magnified pat- 
tern and horizontally contiguously adjacent sub-pixel 
patterns next thereto are determined, as defined by sub- 
pixels 31 to 35. 

[0284] In this case, the sub-pixels 24 and 31 overlap 
one another, but they are the same black patterns. 
Therefore, there is no problem. 

[0285] However, a problem arises when the black 
sub-pixel 25 and the white sub-pixel 32 overlap one an- 
other. That is, a mismatch occurs between such different 
(white and black) patterns. In order to obviate the mis- 
match, either one of the two sub-pixels 25, 32 must be 
rendered either black or white. 

[0286] The three-times magnified pattern-correcting 
unit 17 eliminates the mismatch, thereby providing a 
properly corrected three-times magnified pattern. 
[0287] The following discusses an example in which 
the three-times magnified pattern-correcting unit 1 7 pro- 
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vides a corrected three-times magnified pattern. In order 
to obviate the mismatch, the three-times magnified pat- 
tern-correcting unit 17 evaluates the three-times mag- 
nified pattern and horizontally contiguously adjacent 
sub-pixel patterns next thereto determined by the pat- 5 
tern-determining unit 15, depending upon whether or 
not the patterns have experienced the "shifting". 
[0288] As seen from Fig. 26, the target pixel 20 is sub- 
jected to rightward shifting in the pixels 21 to 25, but the 
target pixel 30 undergoes no shifting in the pixels 31 to 1Q 
35. 

[0289] The three-times magnified pattern-correcting 
unit 17 gives precedence to the patterns subjected to 
the shifting, i.e., the patterns consisting of the sub-pixels 
21-25, over the opposite patterns that consist of the sub- 15 
pixels 31 to 35. 

[0290] Accordingly, in the discrepant sub-pixels 25 
and 32, the black sub-pixel pattern 25 determined on 
the basis of the black target pixel 20 is valued over the 
white sub-pixel pattern 32. As a result, the white target 20 
pixel 30 includes a leftmost sub-pixel pattern 36 ren- 
dered black. Since the sub-pixels 33, 34 suffer from no 
mismatch, the target pixel 30 further includes central 
and rightward sub-pixels 37, 38, whose white patterns 
are reproduced from those of the sub-pixels 33, 34, re- 25 
spectively. 

[0291] This is the way in which the three-times mag- 
nified pattern-correcting unit 17 determines the sub-pix- 
el patterns 36-38 of the target pixel 30 or a corrected 
three-times magnified pattern thereof. 30 
[0292] Since the sub-pixels 22 to 24 suffer from no 
mismatches, the target pixel 20 consists of three sub- 
pixels 26, 27, 28 reproduced from the sub-pixel patterns 
22, 23, 24, respectively. This means that no correction 
is made to the three-times magnified pattern of the tar- 35 
get pixel 20. 

[0293] Fig. 27 illustrates, by way of illustration, how a 
three-times magnified pattern is corrected when it is as- 
sumed that the pixel 30 in Fig. 26 experiences the shift- 
ing. 40 
[0294] Assume that, when the pixel 20 is defined as 
a target pixel, then a three-times magnified pattern and 
horizontally contiguously adjacent sub-pixel patterns 
next thereto are determined, as defined by sub-pixels 
21 to 25. Further assume that, when the pixel 30 is de- 45 
fined as a target pixel, then a three-times magnified pat- 
tern and horizontally contiguously adjacent sub-pixel 
patterns next thereto are determined, as defined by sub- 
pixels 31 to 35. 

[0295] In this instance, the sub-pixel 25, 32 having the so 
same white patterns overlap one another, and there is 
no problem therebetween. 

[0296] However, a problem arises when the black 
sub-pixel 24 and the white sub-pixel 31 overlap one an- 
other. That is, a mismatch occurs between such different 55 
(white and black) data. 

[0297] The pixel 30 is subjected to leftward shifting in 
the sub-pixels 31 to 35. The target pixel 20 undergoes 



no shifting in the sub-pixels 21 to 25. 
[0298] The three-times magnified patter-correcting 
unit 1 7 gives precedence to the patterns subjected to 
the shifting, i.e., the patterns consisting of the sub-pixels 
31-35, over the opposite patterns that consist of the sub- 
pixels 21-25. 

[0299] Accordingly, in the discrepant sub-pixels 24 
and 31, the white sub-pixel pattern 31 determined on 
the basis of the white target pixel 30 is valued over the 
black sub-pixel pattern 24. As a result, the black target 
pixel 20 includes a rightmost sub-pixel pattern 28 ren- 
dered white. Since the sub-pixels 23, 22 suffer from no 
mismatch, the target pixel 20 further includes central 
and leftward sub-pixels 27, 26, whose black patterns are 
reproduced from those of the sub-pixel patterns 23, 22, 
respectively. 

[0300] This is the manner in which the three-times 
magnified pattern-correcting unit 17 determines the 
sub-pixel patterns 26-28 of the target pixel 20 or a cor- 
rected three-times magnified pattern thereof. 
[0301] Since the sub-pixels 32 to 34 suffer from no 
mismatches, the target pixel 30 consists of three sub- 
pixels 36, 37, 38 reproduced from the sub-pixel patterns 
32, 33, 34, respectively. This means that no correction 
is made to the three-times magnified pattern of the tar- 
get pixel 30. 

[0302] Fig. 28 illustrates, by way of illustration, how 
three-times magnified patterns are corrected when the 
pixels 20, 30 of Fig. 26 experience the rightward and 
leftward shifting, respectively. 

[0303] Assume that, when the pixel 20 is defined as 
a target pixel, then a three-times magnified pattern and 
horizontally contiguously adjacent sub-pixel patterns 
next thereto are determined, as defined by sub-pixels 
21 to 25. Further assume that, when the pixel 30 is de- 
fined as a target pixel, then a three-times magnified pat- 
tern and horizontally contiguously adjacent sub-pixel 
patterns next thereto are determined, as defined sub- 
pixels 31 to 35. 

[0304] In this instance, pixels having different pat- 
terns, more specifically the black sub-pixel 24 and the 
white sub-pixel 31 , overlap one another, thereby caus- 
ing a mismatch therebetween. In addition, the black sub- 
pixel 25 and the white sub-pixel 32, both of which have 
different patterns, overlap one another, thereby bringing 
about another mismatch therebetween. 
[0305] The pixel 20 is subjected to rightward shifting 
in the sub-pixels 21 to 25. The target pixel 30 undergoes 
leftward shifting in the sub-pixels 31 to 35. 
[0306] In this instance, both of the patterns experi- 
ence the shifting. This precludes the step of evaluating 
the patterns, depending upon whether they have been 
subjected to the shifting, as illustrated in Figs. 26 and 
27, in order to eliminate the mismatches. 
[0307] In such a case, the three-times magnified pat- 
tern-correcting unit 17 precedes original image data 
over the above patterns. More specifically, the discrep- 
ant sub-pixels 24, 31 correspond to a rightmost pixel 28 
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of the pixel 20, and the rightmost sub-pixel 28 has black 
data reproduced from the pixel 20 of the original image. 
The discrepant sub-pixels 25, 32 correspond to a left- 
most pixel 36 of the pixel 30, and the leftmost sub-pixel 
36 has white data reproduced from the pixel 30 of the 
original image. 

[0308] In this way, the three-times magnified pattern- 
correcting unit 17 provides the sub-pixel patterns 26 to 
28 of the pixel 20 i.e., a corrected three-times magnified 
pattern thereof, as well as the sub-pixel patterns 36 to 
38 of the pixel 30, i.e., a corrected three-times magnified 
pattern thereof. 

[0309] Fig. 29 illustrates, by way of illustration, how 
three-times magnified patterns are corrected when the 
pixels 20, 30 of Fig. 26 are subjected to leftward and 
rightward shifting, respectively. 

[0310] Assume that, when the pixel 20 is defined as 
a target pixel, then a three-times magnified pattern and 
horizontally contiguously adjacent sub-pixel patterns 
next thereto are determined, as defined by sub-pixels 
21 to 25. Assume that, when the pixel 30 is defined as 
a target pixel, then a three-times magnified pattern and 
horizontally contiguously adjacent sub-pixel patterns 
next thereto are determined, as defined by sub-pixels 
31 to 35. 

[0311] In this instance, pixels having different pat- 
terns, more specifically the white sub-pixel 24 and the 
black sub-pixel 31, overlap one another, thereby caus- 
ing a mismatch therebetween. In addition, the white sub- 
pixel 25 and the black sub-pixel 32, both of which have 
different patterns, overlap one another, thereby produc- 
ing another mismatch therebetween. 
[0312] The pixel 20 is subjected to leftward shifting in 
the sub-pixels 21 to 25. The target pixel 30 undergoes 
rightward shifting in the sub-pixels 31 to 35. 
[0313] The mismatches must be eliminated from the 
pixels 20, 30 in a manner similar to Fig. 28 because both 
of them experience the shifting. 

[0314] The three-times magnified pattern-correcting 
unit 1 7 precedes original image data over the above pat- 
terns. More specifically, the discrepant sub-pixels 24, 31 
correspond to a rightmost pixel 28 of the pixel 20, and 
the rightmost sub-pixel 28 has black data reproduced 
from the pixel 20 of the original image. The discrepant 
sub-pixels 25, 32 correspond to a leftmost pixel 36 of 
the pixel 30, and the leftmost sub-pixel 36 has white data 
reproduced from the pixel 30 of the original image. 
[0315] This is the way in which the three-times mag- 
nified pattern-correcting unit 17 provides the sub-pixel 
patterns 26 to 28 of the pixel 20, i.e., a corrected three- 
times magnified pattern thereof, as well as the sub-pixel 
patterns 36 to 38 of the pixel 30, i.e., a corrected three- 
times magnified pattern thereof. 

[0316] Fig. 30 illustrates the step of extracting a bit- 
map pattern from an original image to the step of cor- 
recting the extracted bitmap pattern. Note that pixels 
and sub-pixels marked with hatched lines in Fig. 30 are 
all black. 



[0317] Fig. 30 (a) illustrates an original image that 
consists of nine pixels-by-nine pixels. As illustrated in 
Fig. 30 (b), assume that a bitmap pattern consisting of 
nine pixels is extracted. Fig. 30 (b) illustrates two differ- 
5 ent bitmap patterns. A leftward bitmap pattern has a 
white target pixel positioned at the center thereof. A 
rightward bitmap pattern has a black target pixel dis- 
posed at the center thereof. 

[0318] As illustrated in Fig. 30 (c), a three-times mag- 
to nified pattern and horizontally contiguously adjacent 
sub-pixel patterns next thereto are determined on the 
basis of each of the extracted bitmap patterns. In this 
instance, the white target pixel undergoes rightward 
shifting, while the black target pixel experiences leftward 
15 shifting. 

[0319] The three-times magnified pattern-correcting 
unit 17 eliminates mismatches between overlapped 
sub-pixels in accordance with the examples as illustrat- 
ed in Figs. 28 and 29. More specifically, pixel data of the 
20 original image is valued over the above patterns in order 
to remove the mismatches. As a result, as illustrated in 
Fig. 30 (d), corrected three-times magnified patterns are 
determined. 

[0320] In Fig. 30 (d), leftward three sub-pixel patterns 
25 correspond to a three-times magnified pattern of the 
white target pixel, while rightward three sub-pixel pat- 
terns correspond to a three-times magnified pattern of 
the black target pixel. 

[0321] Fig. 31 illustrates the step of extracting a bit- 

30 map pattern from an original image to the step of cor- 
recting the extracted bitmap pattern. 
[0322] Fig. 31 (a) illustrates an original image that 
r consists of nine pixels-by-nine pixels. As illustrated in 
Fig. 31 (b), assume that a bitmap pattern consisting of 

35 nine pixels is extracted. Fig. 30 (b) illustrates two differ- 
ent bitmap patterns. A leftward bitmap pattern has a 
black target pixel positioned at the center thereof. A 
rightward bitmap pattern has a white target pixel dis- 
posed at the center thereof. 

40 [0323] As illustrated in Fig. 31 (c), a three-times mag- 
nified pattern and horizontally contiguously adjacent 
sub-pixel patterns next thereto are determined on the 
basis of each of the extracted bitmap patterns. In this 
instance, the black target pixel is subjected to leftward 

45 shifting, while the white target pixel experiences right- 
ward shifting. 

[0324] The three-times magnified pattern-correcting 
unit 17 eliminates mismatches between overlapped 
sub-pixels in accordance with the examples as illustrat- 
50 ed in Figs. 28 and 29. More specifically, pixel data of the 
original image is valued over the above patterns in order 
to remove the mismatches. As a result, corrected three- 
times magnified patterns are determined as illustrated 
in Fig. 31 (d). 

55 [0325] In Fig. 31 (d), leftward three sub-pixel patterns 
correspond to a three-times magnified pattern of the 
black target pixel, while rightward three sub-pixel pat- 
terns correspond to a three-times magnified pattern of 
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the white target pixel. 

[0326] The above describes with reference to Figs. 26 
to 31 how the mismatches between the overlapped sub- 
pixels are removed, depending upon whether the three- 
times magnified patterns have been subjected to the 5 
shifting, in order to provide corrected three-times mag- 
nified patterns. However, the present embodiment is not 
limited to the above. For example, the mismatches can 
be removed using other codes of evaluation in which, e. 
g. f a rightward pixel is valued over all others. In brief, a 10 
single pattern-determining rule is established when the 
mismatches occur between the overlapped sub-pixels. 
[0327] Now, attention is directed back to Fig. 23 in 
which the components of the display equipment are de- 
scribed. 15 
[0328] As illustrated in Fig. 25, the reference pattern 
storage unit 1 6 stores each reference pattern and a cor- 
responding three-times magnified pattern with horizon- 
tally contiguously adjacent sub-pixel patterns next 
thereto. In the reference pattern storage unit 1 6, the ref- 20 
erence patterns are correlated with the three-times 1 
magnified patterns and the horizontally contiguously ad- 
jacent sub-pixel pasterns next thereto. 
[0329] As previously discussed, the pattern-determin- 
ing unit 1 5 references the reference pattern storage unit 25 
16, and then determines the three-times magnified pat- 
tern and the horizontally contiguously adjacent sub-pix- 
el patterns next thereto using pattern matching as 
shown in Fig. 25. 

[0330] The above describes an example in which the 30 
three-times magnified pattern and the horizontally con- 
tiguously adjacent sub-pixel patterns next thereto are 
determined using the pattern matching as shown in Fig. 
25. Alternatively, the patterns may be expressed as by 
bits. 35 
[0331] As illustrated in Fig. 32, assume that blacks 
and whites are expressed as 0 (zero) and 1 (one), re- 
spectively. The blacks and whites formed by nine pixels 
may be expressed by bit strings (nine digits) in which 
numerals 0, 1 are aligned with one another in sequence *o 
ranging from an upper-left pixel to a lower-right pixel. 
[0332] As illustrated in Fig. 25 (a), when the nine pixel- 
based reference pattern is entirely black, then the refer- 
ence pattern and a corresponding three-times magni- 
fied pattern with horizontally contiguously adjacent sub- 45 
pixel patterns next thereto may be expressed by bit 
string 000000000 and bit string 00000, respectively. 
(See the top of Fig. 32.) 

[0333] Conversely, when the nine pixel reference pat- 
tern is are entirely white as illustrated in Fig. 25 (e), then 50 
the reference pattern and a corresponding three-times 
magnified pattern with horizontally contiguously adja- 
cent sub-pixel patterns next thereto may be expressed 
by bit string 111111111 and bit string 11111, respectively. 
(See the bottom of Fig. 32.) 55 
[0334] Similarly, for a variety of intermediate patterns 
between the above opposite bit strings 000000000 and 
111111111, three-times magnified pattern/horizontally 



contiguously adjacent sub-pixel pattern-determining 
rules are established in advance. When all of the rules 
are set up, then 51 2-different combinations as previous- 
ly discussed are defined. Alternatively, fewer rules may 
be pre-established by omitting part of the rules in view 
of symmetry and black-white inversion. 
[0335] The rules using the bit strings are placed into 
the reference pattern storage unit 16, in which the ref- 
erence patterns are correlated with the three-times 
magnified patterns using an arrangement or other 
known storage structures, while the bit strings are item- 
ized by indexes. This system allows a desired three- 
times magnified pattern and horizontally contiguously 
adjacent sub-pixel patterns next thereto to be found im- 
mediately when the reference pattern storage unit 16 is 
referenced by a corresponding index. 
[0336] Other equivalent notations such as a hexadec- 
imal notation may, of course, replace the nine-digit bit 
string. 

[0337] As described above, when the three-times 
magnified pattern/horizontally contiguously adjacent 
sub-pixel pattern-determining rules are expressed by bit 
strings, then as illustrated in Fig. 32, the reference pat- 
tern storage unit 16 stores bit strings that express by 
bits each reference pattern and a corresponding three- 
times magnified pattern with horizontally contiguously 
adjacent sub-pixel patterns next thereto. In the refer- 
ence pattern storage unit 16, the reference patterns are 
correlated with the three-times magnified patterns and 
the horizontally contiguously adjacent sub-pixel pat- 
terns next thereto. 

[0338] The pattern-determining unit 1 5 references the 
reference pattern storage unit 16, and then determines 
the three-times magnified pattern and the horizontally 
contiguously adjacent sub-pixel patterns next thereto on 
the basis of the results from retrieval using the indexes 
as shown in Fig. 32. 

[0339] Next, a flow of processing using the display 
equipment of Fig. 23 is described with reference to Fig. 
33. Note that descriptions on processing similar that of 
Fig. 13 are omitted. In Fig. 33, steps 1 and 2 are similar 
to those of Fig. 13. 

[0340] At step 3, the display control unit 2 defines a 
pixel at an upper-left initial position as a target pixel in 
the bitmap pattern-extracting unit 14, and then instructs 
the bitmap pattern-extracting unit 14 to extract a bitmap 
pattern when the target pixel is located at the initial po- 
sition. 

[0341] At step 4, the bitmap pattern-extracting unit 14 
extracts such a bitmap pattern from original image data 
stored in the original image data storage unit 6. The bit- 
map pattern consists of nine pixels, or rather the target 
pixel and neighboring pixels thereabout The bitmap pat- 
tern-extracting unit 14 returns the extracted bitmap pat- 
tern to the display control unit 2. 

[0342] The display control unit 2 delivers the nine-pix- 
el bitmap pattern, upon receipt thereof from the bitmap 
pattern-extracting unit 14, to the pattern-determining 
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unit 15. The display control unit 2 then instructs the pat- 
tern-determining unit 15 to determine a three-times 
magnified pattern and horizontally contiguously adja- 
cent sub-pixel patterns next thereto, which all conform 
to the extracted bitmap pattern. 5 
[0343] At step 5, the pattern-determining unit 15 
searches the reference pattern storage unit 16 for the 
three-times magnified pattern/horizontally contiguously 
adjacent sub-pixel pattern-determining rules in order to 
determine a reference pattern that conforms to the re- w 
ceived bitmap pattern. At step 6, the pattern-determin- 
ing unit 15 determines a three-times magnified pattern 
and horizontally contiguously adjacent sub-pixel pat- 
terns next thereto, which ail agree with the determined 
reference pattern. The pattern-determining unit 15 *5 
passes the determination results over to the three-times 
magnified pattern-correcting unit 17. 
[0344] At step 7, the three-times magnified pattern- 
correcting unit 17 corrects mismatches between over- 
lapped sub-pixel patterns, upon receipt of the deter- 20 
mined three-times magnified pattern and horizontally 
contiguously adjacent sub-pixel patterns next thereto, 
thereby determining a corrected three-times magnified 
pattern of the target pixel. At step 8, the three-times 
magnified pattern-correcting unit 17 places the deter- 25 
mined three-times magnified pattern into the three- 
times magnified image data storage unit 11. 
[0345] At step 9, the display control unit 2 repeats the 
processing of steps 4-8 until all of the target pixels are 
processed, while defining every pixel as a target pixel 30 
at step 10. When the three-times pattern-correcting unit 
17 places a series of the three-times magnified patterns 
into the three-times magnified image data storage unit 
11, then corresponding pieces of information on an im- 
age as shown in Fig. 15 is brought into the three-times 35 
magnified image data storage unit 11. 
[0346] The processing of steps 11-14 following the re- 
peated processing as discussed above is similar to that 
of steps 13-16 of Fig. 13. 

[0347] The following discusses, by way of illustration, *o 
a specific process with reference to the drawing, in 
which the pattern-determining unit 15 determines a 
three-times magnified pattern and horizontally contigu- 
ously adjacent sub-pixel patterns next thereto on the ba- 
sis of pattern matching. 45 
[0348] Fig. 34 illustrates the specific process. 
[0349] As illustrated in Fig. 34, the pattern-determin- 
ing unit 15 scans nine pixels or pO to p8 including a cen- 
tral target pixel p8, thereby generating respective ad- 
dresses thereof. 50 
[0350] The pattern-determining unit 15 retrieves ta- - 
bles in the reference pattern storage unit 16, and then 
defines table data (five bits), which correspond to the 
generated addresses, as a three-times magnified pat- 
tern and horizontally contiguously adjacent sub-pixel 55 
patterns next thereto. 

[0351] The determined three-times magnified pattern 
and horizontally contiguously adjacent sub-pixel pat- 
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terns are corrected by the three-times magnified pat- 
tern-correcting unit 17, and are then filtered by the filter- 
ing unit 12. The corrected and filtered patterns are allo- 
cated to target pixel-forming three sub-pixels and hori- 
zontally contiguously adjacent sub-pixels next to the tar- 
get pixel. 

[0352] The table in the reference pattern storage unit 
1 6 is now described. Since the numbers n, m are defined 
as n=m=1 , the bitmap pattern-extracting unit 14 extracts 
five hundred and twelve (512) different bitmap patterns, 
resulting in 512-different addresses. 
[0353] As a result, the reference pattern storage unit 
16 includes 512-different tables that correspond to the 
51 2-different addresses. 

[0354] Each table contains a three-times magnified 
pattern and horizontally contiguously adjacent sub-pixel 
patterns next thereto (five-bit data) according to the 
three-times magnified pattern/horizontally contiguously 
adjacent sub-pixel pattern-determining rules. 
[0355] As discussed above, pursuant to the present 
embodiment, the three-times magnified pattern and cor- 
responding horizontally contiguously adjacent sub-pixel 
patterns next thereto are determined with reference to 
all target pixels. The determined patterns are corrected 
by the three-times magnified pattern-correcting unit 17, 
thereby providing non-discrepant three-times magnified 
patterns. 

[0356] Since the shifting is practiced in a manner sim- 
ilar to that of the first embodiment, a pixel can be dis- 
placed horizontally by an amount of a sub-pixel without 
any change in pixel value. 

[0357] As a result, similar to the first embodiment, 
when an image is displayed on a per sub-pixel basis, 
then a variation in output image density can be sup- 
pressed, which otherwise would noticeably occur as a 
result of a varied width of a line representative of an ob- 
ject (a character, a symbol, a figure, or a combination 
thereof)- This feature provides a high-quality display on 
a per sub-pixel basis. 

[0358] In steps 4-6 of Fig. 33, the pattern-determining 
unit 15 dynamically determines the three-times magni- 
fied pattern and the horizontally contiguously adjacent 
sub-pixel patterns next thereto with respect to all of the 
target pixels. This means that there is no need to stati- 
cally retain the three-times magnified pattern and the 
horizontally contiguously adjacent sub-pixel patterns 
next thereto. 

[0359] This feature provides reduced system loads, 
when compared with the case in which the three-times 
magnified pattern and the horizontally contiguously ad- 
jacent sub-pixel patterns next thereto are statically con- 
tained. Therefore, the display equipment according to 
the present embodiment can be incorporated into equip- 
ment such as a cellular phone and a mobile computer, 
which have many constraints on system resources. 
[0360] A raster image and a three-times magnified 
pattern of the raster image with horizontally contiguous- 
ly adjacent sub-pixel patterns next thereto need not be 
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known. This means that a wide range of images such 
as a photographic portrait image downloaded from a 
server may be displayed on a per sub-pixel basis with 
a substantially improved resolution. As a result, the im- 
ages are legibly displayed. 5 
[0361] Similar to the first embodiment, the above ben- 
eficial effects are not necessarily obtained only under 
the assumption of x=y=1 . 

[0362] It is to be noted that, when the numbers x, y 
are defined as x=y=1, then particular beneficial effects 10 
as given below are provided. More specifically, in re- 
spective three-times magnified patterns of two neigh- 
boring target pixels as described above, there occur one 
mismatch ata rightward pattern of one of the three-times 
magnified patterns and another mismatch at a leftward 15 
pattern of the other. Therefore, at most two patterns can 
be corrected. 

[0363] Meanwhile, assume that the numbers x, y are 
defined as x=y=2 such as x^2. In this case, in respec- 
tive three-times magnified patterns of two neighboring 20 
target pixels, there occur respective mismatches at cen- 
tral and rightward patterns of one of the three-times 
magnified patterns while there occur respective mis- 
matches at central and leftward patterns of the other. 
This means that complicated correction is required. 25 
[0364] Therefore, when the numbers x, y are defined 
as x=y=1, then the three-times magnified pattern-cor- 
recting unit 1 7 can eliminate the mismatches in a simpler 
manner than when the numbers x, y are defined as x^2. 
[0365] Although the above discusses a reference pat- 30 
tern having a rectangular profile (see Fig. 24), the 
present embodiment is not limited to such a rectangular 
reference pattern. 

[0366] For example, a pattern having a rectangular 
profile and including an additional pixel at a position 35 
slanted with respect to a target pixel may be viewed as 
a reference pattern. 

[0367] For example, as illustrated in Fig. 18 (a), a ref- 
erence pattern having a non-rectangular profile and 
consisting of a total of twenty-one pixels including a cen- 40 
tral target pixel may be employed. 
[0368] With continued reference to Fig. 1 8, the above 
example provides beneficial effects similar to those ob- 
tained when a reference pattern having a non-rectangu- 
lar profile and consisting of a total of twenty pixels ex- 45 
eluding the central target pixel is employed. 
[0369] A non-rectangular reference pattern, a three- 
times magnified pattern of a target pixel, and contigu- 
ously adjacent sub-pixel patterns next to the target pixel 
may be expressed by bits in order to determine the 50 
three-times magnified pattern with the sub-pixel pat- 
terns next thereto on the basis of the results from re- 
trieval using indexes. 

[0370] When a non-rectangular reference pattern in- 
cluding a target pixel is employed, then fewer rules can 55 
be pre-established in view of symmetry and white-black 
inversion in a manner similar to the case in which a non- 
rectangular reference pattern excluding a target pixel is 
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employed. 
(Embodiment 4) 

[0371] A fourth embodiment is now described only 
with reference to differences in structure from the third 
embodiment. Fig. 35 is a block diagram, illustrating dis- 
play equipment according to the present embodiment. 
[0372] Different from the third embodiment, the 
present embodiment determines a three-times magni- 
fied pattern and horizontally contiguously adjacent sub- 
pixel patterns next thereto on the basis of logic opera- 
tion, not by storing three-times magnified pattern-deter- 
mining rules. As illustrated in Fig. 35, a pattern logic cal- 
culation unit 18 is substituted for the reference pattern 
storage unit 16 of Fig. 23. 

[0373] The following discusses an example in which 
a three-times magnified pattern and horizontally contig- 
uously adjacent sub-pixel patterns next thereto are de- 
termined under the assumption of n=m=1 and x=y=1. 
[0374] The manner in which the pattern logic opera- 
tion unit 18 performs logic operation is now described 
with reference to Fig. 36. As illustrated in Fig. 36 (a), the 
pattern logic operation unit 18 includes a function 
whereby the pattern logic operation unit 18 judges con- 
ditions as illustrated in Figs. 36 (b) to 36 (g). The condi- 
tions are related to a total of three pixels-by-three pixels 
that consists of a central target pixel (0, 0) and neigh- 
boring pixels thereabout. As a result, the pattern logic 
operation unit 18 provides a five-digit bit value as a re- 
turn value according to the judgment results. The five- 
digit bit value determines the three-times magnified pat- 
tern and the horizontally contiguously adjacent sub-pix- 
el patterns next thereto. 

[0375] Note that the symbol * as shown in Figs. 36 (b) 
to 36 (g) means that the pixel is ignored, whether white 
or black. Blacks and whites are defined as 1 (one) and 
0 (zero), respectively. 

[0376] As illustrated in Fig. 36 (b), when the target pix- 
el and horizontally contiguously adjacent pixels next to 
the target pixel are all black, then the return value 11111 
results. 

[0377] As shown in Fig. 36 (c), the return value 00000 
results when the target pixel and the horizontally con- 
tiguously adjacent pixels next thereto are all white. 
[0378] As illustrated in Figs. 36 (d) to 36 (e) and so 
on, the pattern logic operation unit 1 8 includes other op- 
erable logics. 

[0379] It would be understood from the above that the 
present embodiment allow the three-times magnified 
pattern and the horizontally contiguously adjacent sub- 
pixel patterns next thereto to be determined in a manner 
similar to the third embodiment. As a result, the present 
embodiment provides beneficial effects similar to those 
of the third embodiment because the shifting similar to 
that of the third embodiment is practiced. 
[0380] The present embodiment depends upon how 
the logic operation is conducted, not how large a storage 
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area is used. Thus, the display equipment according to 
the present embodiment can be incorporated with ease 
into equipment having a strictly limited storage area. 
[0381] Next, a flow of processing using the display 
equipment of Fig. 35 is discussed with reference to Fig. 5 
37, but mainly with respect to differences from the flow 
of processing as shown in Fig. 33. As illustrated in Fig. 
37, step 5 (pattern logic operation) is substituted for dif- 2. 
ferent step 5 (searching the reference pattern storage 
unit 16) of Fig. 33. ™ 
[0382] At step 5, the display control unit 2 instructs 
the pattern-determining unit 15 to determine a three- 
times magnified pattern and horizontally contiguously 3. 
adjacent sub-pixel patterns next thereto, and then the 
pattern-determining unit 1 5 permits the pattern logic op- 15 
. eration unit 18 to practice the above logic operation. 
[0383] At step 6, the pattern-determining unit 15 ac- 
quires the return value. This means that the three-times 
magnified pattern and the horizontally contiguously ad- 4. 
jacent sub-pixel patterns next thereto are determined. 20 
[0384] At step 7, the pattern-determining unit 15 
brings the; three-times magnified pattern and the hori- 
zontally contiguously adjacent sub-pixel patterns next 
thereto according to the return value into the three-times 
magnified image data storage unit 11. 25 
[0385] The remaining steps are similar to those of Fig. 
33. 

[0386] A combination of the third and fourth embodi- 
ments can be, of course, incorporated into the present 
invention. For example, two-step process is acceptable, 30 
in which the reference pattern storage unit 16 and the 
pattern logic operation unit 1 8 provide respective cours- 
es of processing. In this instance, either the reference 
pattern storage unit 1 6 or the pattern logic operation unit 
18 may provide an earlier action. 35 5. 

[0387] Although the above discusses a reference pat- 
tern having a rectangular profile (see Fig. 36), the 
present embodiment is not limited to such a rectangular 
reference pattern. 

[0388] For example, a pattern having a rectangular *o 
profile and including an additional pixel at a position 
slanted with respect to a target pixel may also be taken 
as a reference pattern in a manner similar to the third 
embodiment. 

[0389] Having described preferred embodiments of 45 
the invention with reference to the accompanying draw- 
ings, it is to be understood that the invention is not lim- 
ited to those precise embodiments, and that various 
changes and modifications may be effected therein by 
one skilled in the art without departing from the scope 50 
or spirit of the invention as defined in the appended 
claims. 



Claims 55 
1. Display equipment comprising: 



a means for displaying an image on a per sub- 
pixel basis, 

wherein a sub-pixel of a pixel next to a target 
pixel is controlled when the target pixel is controlled 
on the per sub-pixel basis. 

Display equipment as defined in claim 1 , wherein a 
target pixel and a pixel next to the target pixel are 
controlled on a per sub-pixel basis without any 
change in line width of an object. 

Display equipment as defined in claim 1, wherein 
when a mismatch in sub-pixel data occurs as a re- 
sult of control over a sub-pixel of a pixel next to a 
target pixel, then correction is performed in order to 
eliminate the mismatch. 

Display equipment comprising: 

a means for displaying an object on a per sub- 
pixel basis, in which a raster image represent- 
ative of the object is taken as an original image, 

wherein assuming that a line of the object dis- 
played on the per sub-pixel basis has a width cor- 
responding to a "j" (j is a natural number) number 
of sub-pixels, the j-number of sub-pixels that show 
the line of the object are displaced by an amount of 
a "k" (k is a natural number) number of sub-pixels 
without any change in total value of the j-number of 
sub-pixels, thereby displaying an object on the per 
sub-pixel basis. 

Display equipment comprising: 

a display device(3); 

the display device(3) including three light-emit- 
ting elements aligned with each other in certain 
sequence to form a pixel, the three light-emit- 
ting elements illuminating three primary colors 
RGB; 

a plurality of the pixels aligned with each other 
in a first direction to form a line; 
a plurality of the lines aligned with each other 
in a second direction perpendicular to the first 
direction, thereby forming a display screen on 
the display device(3); 

pattern-determining means(9)(15) for deter- 
mining a three-times magnified pattern of a tar- 
get pixel by magnifying the target pixel three 
times in the first direction in accordance with a 
raster image to be displayed; 
the pattern-determining means(9)(15) for de- 
termining, in accordance with the raster image 
to be displayed, a "x M (x is an integral number) 
number of sub-pixel patterns positioned next to 
the target pixel on one side of the target pixel 
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and a "y" (y is a natural number) number of sub- 
pixel patterns positioned next to the target pixel 
on the other side of the target pixel; and 
display control means(2) for allocating the 
three-times magnified pattern, the x-number of 5 
sub-pixel patterns, and the y-number of sub- 
pixel patterns to the light-emitting elements of 
the display device(3), thereby displaying an im- 
age on the display device(3). 

10 

6. Display equipment as defined in claim 5, wherein 
the pattern-determining means(9) determines the 
three-times magnified pattern, the x-number of sub- 
pixel patterns, and the y-number of sub-pixel pat- 
terns only when the target pixel has a predeter- 15 
mined pixel value. 



pixel patterns, and the y-number of sub-pixel pat- 
terns in accordance with a "reference pattern that 
has a rectangular profile and further that consists of 
a total of a (2n+1)*(2m+1) (n, m are natural num- 
bers) number of pixels, the pixels consisting of a tar- 
get pixel and neighboring pixels about the target 
pixel. 

11. Display equipment as defined in claim 9, wherein 
the pattern-determining means(15) determines the 
three-times magnified pattern, the x-number of sub- 
pixel patterns, and the y-number of sub-pixel pat- 
terns in accordance with a reference pattern that 
has a non-rectangular profile and further that con- 
sists of a target pixel and a plurality of neighboring 
pixels about the target pixel. 



7. Display equipment as defined in claim 6, wherein 
the pattern-determining means(9) determines the 
three-times magnified pattern, the x-number of sub- 20 
pixel patterns, and the y-number of sub-pixel pat- 
terns in accordance with a reference pattern that 
has a rectangular profile and further that consists of 

a total of a ((2n+1)*(2m+1)-1))(n, m are natural 
numbers) number of surrounding pixels about the 25 
target pixel. 

8. Display equipment as defined in claim 6, wherein 
the pattern-determining means(9) determines the 
three-times magnified pattern, the x-number of sub- 30 
pixel patterns, and the y-number of sub-pixel pat- 
terns in accordance with a reference pattern that 
has a non-rectangular profile and further that con- 
sists of a plurality of surrounding pixels about the 
target pixel. 35 



9. Display equipment as defined in claim 5, further 
comprising: a three-times magnified pattern-cor- 
recting means(17) for correcting the three-times 
magnified pattern that is determined by the pattern- 40 
determining means(15), 

wherein when a mismatch occurs between 
the three-times magnified pattern of the target pixel 
and a sub-pixel pattern positioned next to another 
target pixel in the first direction, then the three-times 45 
magnified pattern-correcting means(17) corrects 
the three-times magnified pattern of the target pixel 
in order to eliminate the mismatch therebetween, 
and 

wherein the display control means(2) alio- 50 
cates the corrected three-times magnified pattern 
to the light-emitting elements of the display device 
(3), thereby displaying an image on the display de- 
vice(3). 

55 

10. Display equipment as defined in claim 9, wherein 
the pattern-determining means(15) determines the 
three-times magnified pattern, the x-number of sub- 



12. Display equipment as defined in claim 5, wherein 
the numbers x, y are both equal to 1 . 

13. Display equipment as defined in claim 5, wherein 
the numbers x, y are both equal to 2. 

14. Display equipment as defined in claim 7, wherein 
the numbers n, m are both equal to 1 . 

15. Display equipment as defined in claim 10, wherein 
the numbers n, m are both equal to 1. 

16. Display equipment as defined in claim 5, wherein 
the raster image is one of a bitmap font, a bitmap 
image based on a vector font, and a non-font raster 
image. 

17. Display equipment as defined in claim 5, wherein 
the pattern-determining means(9)(15) determines 
the three-times magnified pattern, the x-number of 
sub-pixel patterns, and the y-number of sub-pixel 
patterns by referencing reference pattern storage 
means(10)(16) that stores a pattern-determining 
rule for use in determining the three-times magni- 
fied pattern, the x-number of sub-pixel patterns, and 
the y-number of sub-pixel patterns. 

18. Display equipment as defined in claim 17, wherein 
the reference pattern storage means(10)(16) con- 
tains information on reference pattern-related pat- 
tern matching. 

19. Display equipment as defined in claim 17, wherein 
the reference pattern storage jeans(10)(16) con- 
tains a bit string that expresses a reference pattern 
by bits, and information on the three-times magni- 
fied pattern, the x-number of sub-pixel patterns, and 
the y-number of sub-pixel patterns, all of the pat- 
terns being related to the bit string, and the bit string 
and the information are correlated with one another. 
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20. Display equipment as defined in claim 5, wherein 
the pattern-determining jeans(9)(15) determines 
the three-times magnified pattern, the x-number of 
sub-pixel patterns, and the y-number of sub-pixel 
patterns by referencing calculation results from pat- 5 
tern logic operation means(13)(18) that practices 
reference pattern-based logic operation. 

21. A display method comprising: 

10 

displaying an image on a per sub-pixel basis; 
and 

controlling a sub-pixel of a pixel next to a target 
pixel in order to control the target pixel on the 
per sub-pixel basis. * 5 

22. A display method as defined in claim 21, wherein a 
target pixel and a pixel next to the target pixel are 
controlled on a per sub-pixel basis without any 
change in line width of an object. 20 

23. A display method as defined in claim 21, wherein 
when a mismatch in sub-pixel data occurs as a re- 
sult of control over a sub-pixel of a pixel next to a 
target pixel, then correction is performed in order to 
eliminate the mismatch. 



determining, in accordance with the raster im- 
age to be displayed, a "x" (x is an integral 
number) number of sub-pixel patterns posi- 
tioned next to the target pixel in the first direc- 
tion on one side of the target pixel and a M y" (y 
is a natural number) number of sub-pixel pat- • 
terns positioned next to the target pixel in the 
first direction on the other side of the target pix- 
el; and 

displaying an image on the display device(3) by 
allocating the three-times magnified pattern, 
the x-number of sub-pixel patterns, and the y- 
number of sub-pixel patterns to the light-emit- 
ting elements of the display device(3). 

26. A display method as defined in claim 25, wherein 
determining the three-times magnified pattern in- 
cludes determining the three-times magnified pat- 
tern only when the target pixel has a predetermined 
pixel value, and wherein determining the x-number 
of sub-pixel patterns and the y-number of sub-pixel 
patterns includes determining the x-number of sub- 
pixel patterns and the y-number of sub-pixel pat- 
terns only when the target pixel has the predeter- 
mined pixel value. 

27. A display method as defined in claim 26, wherein 
determining the three-times magnified pattern in- 
cludes determining the three-times magnified pat- 
tern in accordance with a reference pattern that has 
a rectangular profile and further that consists of a 
total of a ((2n+1)*(2m+1)-1))(n, m are natural num- 
bers) number of surrounding pixels about the target 
pixel, and wherein determining the x-number of 
sub-pixel patterns and the y-number of sub-pixel 
patterns includes determining the x-number of sub- 
pixel patterns and the y-number of sub-pixel pat- 
terns in accordance with the reference pattern. 

28. A display method as defined in claim 26, wherein 
determining the three-times magnified pattern in- 
cludes determining the three-times magnified pat- 
tern in accordance with a reference pattern that has 
a non-rectangular profile and further that consists 
of a plurality of surrounding pixels about the target 
pixel, and wherein determining the x-number of 
sub-pixel patterns and the y-number of sub-pixel 
patterns includes determining the x-number of sub- 
pixel patterns and the y-number of sub-pixel pat- 
terns in accordance with the reference pattern. 

29. A display method as defined in claim 25, further 
comprising: correcting the three-times magnified 
pattern of the target pixel when a mismatch occurs 
between the three-times magnified pattern of the 
target pixel and a sub-pixel pattern positioned next 
to another target pixel in the first direction, whereby 
the mismatch therebetween is eliminated, 
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24. A display method comprising: 

displaying an object on a per sub-pixel basis, 30 
in which a raster image representative of the 
object is taken as an original image; and 
on the assumption that a line of the object dis- 
played on the per sub-pixel basis has a width 
corresponding to a "j" 0 is a natural number) 35 
number of sub-pixels, displacing the j-number 
of sub-pixels, which show the line of the object, 
by an amount of a "k" (k is a natural number) 
number of sub-pixels without any change in to- 
tal value of the j-number of sub-pixels, thereby *o 
displaying an object on the per sub-pixel basis. 

25. A display method comprising: 

aligning three light-emitting elements with each 45 
other in certain sequence to form a pixel, the 
three light-emitting elements illuminating three 
primary colors RGB; 

aligning a plurality of the pixels with each other 
in a first direction to form a line; so 
aligning a plurality of the lines with each other 
in a second direction perpendicular to the first 
direction, thereby forming a display screen on 
a display device(3); 

determining a three-times magnified pattern of 55 
a target pixel by magnifying the target pixel 
three times in the first direction in accordance 
with a raster image to be displayed; 
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wherein displaying an image on the display 
device includes displaying an image on the display 
device(3) by allocating the corrected three-times 
magnified pattern to the light-emitting elements of 
the display device(3). 

30. A display method as defined in claim 29, wherein 
determining the three-times magnified paitern in- 
cludes determining the three-times magnified pat- 
tern in accordance with a reference pattern that has 
a rectangular profile and further that consists of a 
total of a (2n+1)*(2m+1) (n, m are natural numbers) 
number of pixels, the pixels consisting of a target 
pixel and neighboring pixels about the target pixel, 
and wherein determining the x-number of sub-pixel 
patterns and the y-number of sub-pixel patterns in- 
cludes determining the x-number of sub-pixel pat- 
terns and the y-number of sub-pixel patterns in ac- 
cordance with the reference pattern. 

31. A display method as defined in claim 29, wherein 
determining the three-times magnified pattern in- 
cludes determining the three-times magnified pat- 
tern in accordance with a reference pattern that has 
a non-rectangular profile and further that consists 
of a target pixel and a plurality of neighboring pixels 
about the target pixel, and wherein determining the 
x-number of sub-pixel patterns and the y-number of 
sub-pixel patterns includes determining the x- 
number of sub-pixel patterns and the y-number of 
sub-pixel patterns in accordance with the reference 
pattern. 

32. A display method as defined in claim 25, wherein 
the numbers x, y are both equal to 1 . 

33. A display method as defined in claim 25, wherein 
the numbers x, y are both equal to 2. 

34. A display method as defined in claim 27, wherein 
the numbers n, m are both equal to 1 . 

35. A display method as defined in claim 30, wherein 
the numbers n, m are both equal to 1 . 

36. A display method as defined in claim 25, wherein 
the raster image is one of a bitmap font, a bitmap 
image based on a vector font, and a non-font raster 
image. 

37. A display method as defined in claim 25, wherein 
the three-times magnified pattern, the x-number of 
sub-pixel patterns, and the y-number of sub-pixel 
patterns are determined by referencing reference 
pattern storage jeans(10)(1 6) that stores a pattern- 
determining rule for use in determining the three- 
times magnified pattern, the x-number of sub-pixel 
patterns, and the y-number of sub-pixel patterns. 



38. A display method as defined in claim 37, wherein 
the reference pattern storage means(10)(16) con- 
tains information on reference pattern-related pat- 
tern matching. 

5 

39. A display method as defined in claim 37, wherein 
the reference pattern storage means(10)(16) con- 
tains a bit string that expresses a reference pattern 
by bits, and information on the three-times magni- 

10 fjed pattern, the x-number of sub-pixel patterns, and 
the y-number of sub-pixel patterns, all of the pat- 
terns being related to the bit string, and the bit string 
and the information are correlated with one another. 

15 40. A display method as defined in claim 25, wherein 
the three-times magnified pattern, the x-number of 
sub-pixel patterns, and the y-number of sub-pixel 
patterns are determined by referencing calculation 
results from pattern logic operation means(13)(18) 

20 that practices reference pattern-based logic opera- 
tion. 

41. A recording medium for recording a display control 
program that displays an image on a per sub-pixel 
25 basis, the program being designed to control a sub- 
pixel of a pixel next to a target pixel when the target 
pixel is controlled on the per sub-pixel basis. 



30 



35 



40 



45 



50 



55 



29 



EP 1 284 471 A2 



Fig. 1 



2 

3 



1 



A 

display information 
input unit 



display control 
unit 



display device 





original image data 
group storage unit 




I 




original image data 
storage unit 




I 




target pixel 
-determining unit 




I 




bitmap pattern 
-extracting unit 




I 




pattern-determ i n i ng 
unit 








reference pattern 
storage unit 




I 




three-times magnified 
image data storage 
unit 








f i Iter ing unit 




I 




display image 
storage unit 





8 



10 



11 



12 
4 



30 



EP 1 284 471 A2 



Fig. 2 



2n+1 



N 




2nH 



/ 



(2n + 1) x (2m+ 1 ) - 1 



31 



Fig. 3(a) 



■ 


■ 


■ 


■ 


II 


■ 


■ 


■ 


■ 



Fig. 3(c) 







■ 









Fig. 3(e) 



EP 1 284 471 A2 



Fig. 3(b) 




52 

Fig. 3(d) 




52 

Fig. 3(f) 




52 



EP 1 284 471 A2 



Fig. 4(a) 
reference pattern 

















H 





three-times magnified pattern 
and ad acent sub-pixel patterns 




Fig. 4(b) 
reference pattern 







'/mm 




w 






Mb, 





three-times magnified pattern 



/ 

adjacent sub-pixel 



adjacent sub-pixel 
target pixel 




33 



I 



EP 1 284 471 A2 



Fig. 5(a) 
original image 




Fig. 5(b) 

three-times magnified pattern 
and adjacent sub-pixel patterns 




Fig. 5(c) 
three-times magnified pattern 




34 




35 



EP 1 284 471 A2 



Fig. 7(a) 



















■ 



Fig. 7(c) 



■ 








m 











Fig. 7(e) 



Fig. 7(b) 




36 




37 



EP 1 284 471 A2 



Fig. 9(a) 



Fig. 9(b) 




Fig. 9(c) 




Fig. 9(d) 



V/V/Y, 




leftward by a sub-pixel stand still rightward by a sub-pixel 



Fig. 10(b) 




leftward by a sub-pixel 



Fig. 10(a) 



Fig. 10(c) 




stand sti 1 1 



Fig. 10(d) 



V/V/V. 




r ightward 



by a sub-pixel 



Fig. 10(e) 
F 




rightward by two sub-pixels 



38 



EP 1 284 471 A2 



Fig. 11(a) 



< 5 



t 

3 

I 



rightward by two sub-pixels 



/ 




leftward by two sub-pixels 




wmnw 



III I HI ! ! Ill 



col lapse 



Fig. 1Kb) 




norma I 



39 



EP 1 284 471 A2 



00000000 
11011101 

11111111 



00000 
11000 
10001 



40 



EP 1 284 471 A2 



Fig. 13 



step12 



target pixel 
defined 



( start ) 



display information entered | stepl 



original image stored { step2 



un 



it 11 initial ized | step3 



target pixel I initial i zed | step4 



target pixel extracted | step5 




bitmap pattern extracted 



search 



step8 



three-times magnified pattern and 
adjacent sub-pixel patterns determined 



step9 



store 



J stepl 0 



N 




f i Iter ing 



store 



j stepl 4 



display 



1 stepl 5 




stepl 6 



41 



EP 1 284 471 A2 



Fig. 14(a) Fig. 14(b) 




42 



EP 1 284 471 A2 




43 



EP 1 284 471 A2 



Fig. 17 

neighboring pixels scaned 



addresses generated 



p7 p6 p5 



P4. 











m 


- 


\ 


\ 





P3 



p7 p6 p5 p4 p3 p2 p1 pO 

/ ■ / ■ / ■ / ■ /,/,/■ / 



p2 p1 pO 



v 

table (five bits) 



tables searched 



I 



three-times magnified pattern 
and adjacent sub-pixel patterns 
generated 



allocation to sub-pixels 




44 



EP 1 284 471 A2 



Fig. 18(a) 



+1+1+1+ 



Fig. 18(b) 















L 














I 














/ / • 

92 91 











Fig. 18(c) 




Fig. 18(d) 



Fig. 18(e) 




92 91 



90 



93 94 



Fig. 18(f) 





























m 














/ / ' 

92 91 













Fig. 18(g) 





45 



EP 1 284 471 A2 



Fig. 19(a) Fig. 19(b) 




46 



EP 1 284 471 A2 



Fig. 20 



2 

3 



1 



display information 
input unit 



i 



display control 
unit 



display device 



original image data 
group storage unit 



original image data 
storage unit 

I 

target pixel 
-determining unit 



bitmap pattern 
-extracting unit 



i 



pattern-determ i n i ng 
unit 



1 



pattern logic 
operation unit 



i 



three-times magnified 
image data storage 
unit 



I 



f i Iter ing unit 



display image 
storage unit 



8 



13 



11 



12 
4 



47 



EP 1 284 471 A2 



Fig. 21 (a) 



Fig. 21 (b) 



(-1.-1) 


(0. -1) 


(1.-D 


(-1.0) 




(1.0) 


(-1.1) 


(0.1) 


(1.1) 



don't care 



* 


* 


* 








* 


* 


* 


Fig. 21 (c) 












* 


* 




* 


Fig. 21 (d) 








* 


m 




* 




* 


Fig. 21 (e) 


* 




* 








* 




* 



if(x(-1.0)=1 and x(1.0)=1 ) then 
result := '11111' : 



if (x (-1 . -1 ) =0 and x(0.-1)=0 and x(1.-1)=1 
and x(-1.0)=0 and x(0. 1)=1 ) then 
result := '00111' ; 



if (x(-1.-1)=1 and x(0.-1)=0 and x(1.-1)=0 
and x(1.0)=0 and x(0, 1)=1 ) then 
result : = '11100' ; 



if(x(0.-1)=1 and x(-1.0)=0 and x(1,0)=0 
and x(0, 1)=1 ) then 
result := '01110' ; 



48 



EP 1 284 471 A2 



Fig. 22 



( start !) 



> display information entered | stepl 



original image stored \ step2 



un 



it 11 initial ized | step3 



target pixel initial ized | step4 



stepl 2 



target pixel extracted step5 



target pixel 
defined 



N — ■ — ~~~~~ 

1 b ' ac ^ ^ step6 




bitmap pattern extracted 


step7 






logic operation 


step8 








three-times magnified pattern and 
adjacent sub-pixel patterns determined 






store | stepl 0 







step9 




] stepl 4 



stepl 6 



49 



EP 1 284 471 A2 



I 23 



1 



display information 
input unit 



i 



display control 
unit 



display device 



original image data 
group storage unit 



i 



original image data 
storage unit 



i 



bitmap pattern 
-extracting unit 



i 



patter n-determ i n i ng 
unit 



reference pattern 
storage unit 



I 



three-times magnified 
patter n-cor rect i ng 
unit 



i 



three-times magnified 
image data storage 
unit 



f i Iter ing unit 



i 



display image 
storage unit 



50 



EP 1 284 471 A2 



24 



2n+1 



\ 



2m+1 



/ 



(2n+1) x (2m + 1 ) 



51 



EP 1 284 471 A2 



Fig. 25(a) 




62 



Fig. 25(b) 





60 



mm 

61 



Fig. 25(c) 





















Fig. 25(e) 





















Fig. 25(d) 



62 



60 \ 



61 



Fig. 25(f) 



V " 



62 



60 



61 



52 



EP 1 284 471 A2 




53 



EP 1 284 471 A2 




54 



EP 1 284 471 A2 



Fig. 28 




processing to determine a three-times magnified pattern 
and adjacent sub-pixel patterns 




processing to correct 




55 



EP 1 284 471 A2 




56 



EP 1 284 471 A2 



Fig. 30(a) 




Fig. 30(b) 




'MM 

m 














m 





1 



processing to determine a three-times 
magnified pattern and adjacent sub-pixel patterns 



Fig. 30(c) 




r ightward 



mismatch 



1 



/ 

1 f 

1 











% 


1 









leftward 



processing to correct 



Fig. 30(d) 



iiiiii 



57 



EP 1 284 471 A2 



Fig. 31 (a) 



Fig. 31(b) 




processing to determine a three-times 
magnified pattern and adjacent sub-pixel patterns 



Fig. 31 (c) 




leftward 
mismatch 




J J rightward 



processing to correct 



Fig. 31 (d) 



on 



58 



EP 1 284 471 A2 



000000000 
110101101 

111111111 



00000 
11000 

11111 



59 



EP 1 284 471 A2 



Fig. 33 



stepIO 



target pixel 
defined 



C 



start 



> display information entered | stepl 



original image stored ~\ step2 



target pixel initialized ~| step3 



bitmap pattern extracted 



step4 



search 



J step5 



three-times magnified pattern and 
adjacent sub-pixel patterns determined 



step6 




60 



EP 1 284 471 A2 



Fig. 34 



target pixel and 
neighboring pixels scaned 



addresses generated 



p7 p6 p5 




p8 p7 p6 p5 p4 p3 p2 p1 pO 

/ . / ■ /. , /,/ , /,/ , / , / 



p2 pi pO 



table (five bits) 



tables searched 



three-times magnified pattern 
and adjacent sub-pixel patterns 
generated 



allocation to sub-pixels 




61 



EP 1 284 471 A2 



35 



1 



display information 
input unit 



display control 
unit 



display device 



original image data 
group storage unit 



I 



original image data 
storage unit 



bitmap pattern 
-extracting unit 



pattern-determ i n i ng 
unit 



i 



pattern logic 
calculation unit 



I 



three-times magnified 
pattern-correcting 
unit 



i 



three-times magnified 
image data storage 
unit 



f i Iter ing unit 



display image 
storage unit 



62 



EP 1 284 471 A2 



Fig. 36(a) 



Fig. 36(b) 



I * 


1 * 




■ 


■ 


■ 


* 


* 


* 


Fig. 36(c) 


* 


* 


* 








* 


* 


* 


Fig. 36 (d) 




■ 


* if^ * 


Fig. 36 

■■ 


(e) 
* 






* 


Fig. 36(f) 


* 1 * 

■ 


* W§i * 

Fig. 36(g) 


1 * 

■ 

* 




* 1 

■ 

* 1 



M.-i) 


(0.-1) 


(l.-l) 


(-1.0) 


(0.0) 


0.0) 


(-1.1) 


(0.1) 


(1. 1) 



don' t care 



if(x(-1.0)=l and x(1.0)=1 and x(0.0)=1) then 
result := '11111' : 



if(x(-1,0)=0 and x(1.0)=0 and x(0.0)=0) then 
result := '00000' : 



if(x(-1,-1)=0 and x(0,-1)=0 and x(1.-1)=1 
and x(-1.0)=0 and x(0.0)=1 
and x(0, 1)=1) then 
result := '00111' : 



if (x(-1,-1)=1 and x(0,-1)=1 and x(1.-1)=0 
and x(-1.0)=1 and x(0.0)=0 
and x(0, 1)=0) then 
result := ' 11000' ; 



if(x(0.-1)=1 and x(-1,0)=0 and x(0,0)=1 
and x(1,0)=0 and x(0. 1)=1) then 
result := '01110' ; 



if (x (0. -1)=0 and x(-1.0)=1 and x(0,0)=0 
and x(1,0>=1 and x(0, 1)=0 ) then 
result := ' 10001' ; 
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Fig. 37 
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Fig. 38 PRIOR ART 
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Fig. 40 PRIOR ART 
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Fig. 41 PRIOR ART 
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Fig. 42 (a) PRIOR ART 
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